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Tong hop va nghien cuu cac hop chat phuc chat la mot trong nhung hudng phat 
trien co ban cua hoa hoc vo co hien dai. Co the noi rang hien nay hoa hoc phuc chat 
dang phat trien rue rd va la noi hoi tu nhOng thanh tuu cua hoa If, hoa phan tich. hoa 
hoc huu co, hoa sinh, hoa moi trudng, hoa dupe. 

Hoa hoc phuc chat co quan he mat thiet voi hoa huu co va la llnh vuc ma cac 
nha hoa hoc huu co co the tlm tha'y nhung ung dung thuc te cho cac hop chat ma ho 
t6ng hop hoac tach biet duoc. Rat nhi6u phuc chat da dupe su dung lam xuc tac cho 
nhidu phan ung moi la trong tong hop huu co nhat la trong tong hop bat doi, tong 
hop lua chon lap the. Viec su dung cac phoi tu huu co da cho hoa hoc phuc chat mot 
khong gian phat trien vo tan va day hua hen, bdi vl nghe thuat tong hop huu co tinh 
vi co th6 giup tao ra hang loat phoi tu thoa man yeu cau da dang cua su tao phuc va 
phu hop voi viec hien thuc hoa cac y tudng sang tao doc dao cua cac nha hoa hoc 
phuc chat. 

Hoa hoc phuc chat dang phat huy anh huong sau rong sang llnh vuc hoa sinh ca 
ve If thuyet va ung dung. Rat nhieu thanh tuu trong llnh vuc hoa sinh vo co va trong 
y dupe gan lien voi viec nghien cuu phuc chat trong cac he sinh hoc. Nhung qua 
trinh quan trong nhat cua su song nhu su quang hop, su van chuyen oxi va cacbon 
dioxit trong co the, su xuc tac enzim da dan dupe sang to nhb xac dinh dupe cau true 
va vai tro cua cac phuc chat dai phan tu (suuamolecular). 

Trong nhung nam gan day hoa hoc phuc chat phat trien mot each manh me 
khong nhung trong nghien cuu han lam ma ca trong nghien cuu ung dung vao cong 
nghiep. Trong cong nghiep hoa hoc, xuc tac phuc chat da lam thay doi co ban qui 
trinh san xua't nhieu hoa chat co ban nhu axetandehit, axit axetic, va nhieu loai vat 
lieu nhu chat deo, cao su (tren co so polime trung hop). Nhung hat nano phuc chat 
chum kim loai dang dupe nghien cuu su dung lam xuc tac cho nganh "hoa hoc 
xanh" sao cho co dupe cac qua trinh san xua't khong gay doc hai cho moi trudng, 
cung nhu cho viec tao lap cac vat lieu vo co moi voi nhung tfnh nang uu viet so voi 
cac vat lieu truyen thong. 

Trong cong nghiep hoa dupe, cac phuc cha't chua cac phoi tu bat doi da dupe 
dung pho bien de tong hop lua chon lap the’ cac dupe chat ma bang phuong phap 
thong thuong khong the tong hop dupe. 

O nude ta, cho den thdi diem hien nay van chua co mot cuon sach chuyen sau 
v6 phuc chat. Hoa hoc phuc cha't moi chi dupe d6 cap timg chuong rieng re trong cac 
sach hoa hoc vo co, ca'u tao cha't va hoa hoc phan tfch (chu yeu la phuc cha't trong 
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dung dich). Do la mot bat loi cho viec giang day, hoc tap va nghien cuu hoa hoc 
phuc chat a cac Trufrng dai hoc va cac Vien khoa hoc 

Cuon sach "Phurc chat - phuong phap tong hop va nghien cum cam true" 
dupe viet nhu mot giao trinh vira co ban, vira chuyen sau va nang cao ve hoa hoc 
phuc chat nham lam tai lieu cho Sinh vien chuyen ngdnh Hod hoc cac ndm cuoi 
khoa, Hoc vien cao hoc, Nghien c&u sinh, Can bo giang day. Can bo nghien cuu 
tre va nhung nha hod hoc quan tam t&i nhung van de hien dai cua Hod hoc phuc 
chat. 


6 cuon sach nay, nhung kien thuc co ban ve hoa hoc phtic chat duoc trinh bay 
khong chi d chuong 1, 2, 3 ma con long vao nhung muc thich hop d cac chuong 4, 5. 
6, 7 la nhung chuong viet ve cac phuong phap pho nghien citu cau true phuc chat. 
De gianh thdi lupng cho nhung van de hien dai cua hoa hoc phuc chat, trong cuon 
sach nay se lupc bdt mot so kien thuc ve phuc chat ma sinh vien da hoc qua d nhung 
hoc phan co lien quan. 


Ngoai muc tieu trang bi kien thuc co ban ve hoa hoc phuc chat, cuon "Phurc 
chat - phuong phap tong hop va nghien curu cau true", nhu ten goi cua no, con 
nham mot muc tieu cao hon la cung cap "phuong phap thuc hanh", do la: phuong 
phap tong hop phuc chat; phuong phap xac dinh thanh phan phuc chat; each thuc 
phan tich cac pho UV-Vis, IR, Raman, NMR, MS vdri hy vong tao thuan loi cho 
nhung nha hoa hoc tre trong hoc tap, giang day va nghien curu phuc chat. Chinh vi 
the, cr m6i chuong, sau phan co scr li thuyet duoc viet ngan gon, phan phuong phap 
tien hanh duoc viet ti mi vdi cac so lieu cu the, co chi dan ro rang cac muc cac bang 
lien quan co trong sach. Cac bang bieu, gian do, pho do dua ra de phan tich, dii lay 
tir cong trinh cua cac tac gia trong nude hay ngoai nude, deu duoc lira chon, can nhac 
sao cho dam bao tinh khoa hoc, chuan xac, cap nhat. 


Trong cuon sach co dan ra tai lieu tham khao cho tirng van d6 hep nham giup 
doc gia neu co nhu cau se nhanh chong tim duoc nhung thong tin chi tiet hon. Van 
de thuat ngu va danh phap d nude ta con dang duoc ban luan, vi the trong mot so' 
trudng hop chung toi tam dung nguyen dang tieng Anh. 

Cac tac gia tha'y trude rang, viet mot cuon sach vua cung cap kien thuc co ban 
va nang cao, vira co gang bao quat nhung thanh tuu mdi nhat, vira cung cap phuons 
phap, each thuc thuc hanh la mot viec kho. Vi the cuon sach chac chan con co nhuns 
thieu sot. Cac tac gia mong muon nhan dupe y kien dong gop cua doc gia de cuon 
sach ngay cang hoan thien hon. 


Ha Noi, thang JO ndm 2006 


Cac tac gia 

PGS. TS. Tran Thi Da - GS. TS. Nguyen Huu Dinh 


4 


MUC LUC 


Lai noi dau 3 

Chircmg 1 

phCc chat - nguyLn tl r trung tam - phoi tit i 1 

1 . 1 . phCtc chAt vA si/ tao thAnh phctc chAt i i 

1.1.1. Difen mao cua hoa hoc phurc chat ngay nay 11 

1.1.2. Mot so khai nifem co ban theo IUPAC 14 

1.1.3. Thuyet axit-bazo Liuyt va sir tao phurc 16 

1 . 2 . NGUYEN TO’ TRUNG TAM 6 PHCTC CHAT DON NHAN, PHCfC CHAT DA NHAN 

VA PHCTC CHAT CHUM 26 

1.2.1. Phurc chat dan nhan 26 

1.2.2. Phurc chat da nhan 28 

1.2.3. Phurc chat chum 31 

1.2.4. Phurc chat chum kim loai va hat nano 35 

1.2.5. Lifen ket kim loai - kim loai a phurc chum 38 

1.3. PH6l TCr 45 

1.3.1. Pho'i tCr va nguyfen tu cho 45 

1.3.2. Phoi tur khep vong (chelating ligand) 47 

1.3.3. Kf hifeu va tfen goi phoi tu 49 

1.3.4. Phoi tu kinh dien va kh6ng kinh dien 60 

1.3.5. Phoi tu a-cho/7t-nhan 63 

1.3.6. Pho'i tu cho o,7t-cho/7i-nhan 69 

Chircmg 2 

PHUONG PHAP TONG HOP PHlfC CHAT 79 

2.1. t6nG HOP PHCTC CHATTC/KIM LOAI 79 

2.1.1. Tac dung cua kim loai vcri chat oxi hoa va cha't tao phurc 80 

2.1.2. Tac dung cua kim loai vdi phoi tu 82 


5 


2.1.3. Thuc hanh t 6 ng hap phurc chat tir kim loai 85 

2.2. T6NG HOP PHCTC CHAT TCT CAC HOP CHAT DON GlAN CClA KIM LOAI 87 

2.2.1. Tong hap cac phuc chat axido 87 

2.2.2. Tong hap phurc chat ammiacat va phuc chat aminat 90 

2.2.3. Phurc cabonyl va phurc photphin bac ba 91 

2.2.4. Tong hap phurc chat vai phdi tir khep vong 93 

2.2.5. Thuc hanh tong hap phurc chat tir cac h(^p chat dan gian cua kim loai 104 

2.3. T6NG HOP PHCTC CHAT NHO PHAN CTNG THAY TH£ PH6l TCT 1 07 

2.3.1. Tong hap phurc chat dua vao day hoat d 6 ng phoi trf 107 

2.3.2. Tong hap phurc chat dua vao day anh huang trans 108 

2.3.3. Thay the phoi tu nha hieu ling phoi trf vong 1 12 

2.3.4. Thuc hanh tong hap phurc chat nha phan ung thay the phoi tu 113 

2 . 4 . t6ng hop phctc chAt nhO phAn CTNG OXI HOA - khCt PHCTC CHAT 11 8 

2.4. 1 . Phuang phap oxi hoa - cong 118 

2.4.2. Phuang phap khir phurc chat 123 

2.4.3. Phuang phap dien hoa tong hop phurc chat 124 

2.4.4. Thuc hanh tong hap phurc chat nha phan irng oxi hoa - khu phurc chat 125 

2.5. DUNG MOl TRONG T6NG HOP PHCTC CHAT 127 

2.5.1 Cau true chat long 128 

2.5.2. Phan loai dung moi 130 

2.5.3. Momen luang cue va hang so dien moi 136 

2.5.4. Su sonvat hoa va phurc dung moi 138 

2.5.5. Tlnh tan cua phurc chat 143 

2.5.6. Tong hap phurc chat trong dung moi khac nuac 145 

Chirang 3 

PHITONG PHAP XAC DINH THANH PHAN CUA PHtTC CHAT 148 

3.1. PHITONG PHAP HOA HOC 148 

3.1.1. Xac dinh ham luang nguyen to 148 

3.1.2. Xac djnh ham luang nuac ket tinh 151 

3.1.3. Dinh tinh ion bang phan ung dac trung 151 

3.2. PHUONG PHAP DO DO DAN DI$N COA DUNG DjCH PHOC CHAT 152 

3.2.1. Do dan dien phan tu 152 

3.2.2. Cac yeu to chi phoi do dan dien phan tir 153 

3.3. PHUONG PHAP PHAN TfCH NHI$T 1 56 


6 


3.3.1. Co so If thuy£t phuong phap phan tfch nhiet 156 

3.3.2. Phan ting dehidrat hoa boi nhiet 163 

3.3.3. Phan ting deacvo hoa 167 

3.3.4. Phan ting tach hidrohalogenua 171 

3.3.5. Sir d6ng phan hoa boi nhiet 176 

3.3.6. Phan ting tach cac phoi tti khac 179 

Chirong 4 

PHUONG PHAP PHO HAP THU ELECTRON 187 

4.1. BCTCXAVASI/hAPTHUBCTCXA 187 

4.1.1. Btic xa dien tti 187 

4.1.2. Dinh luat hap thu btic xa 188 

4.1.3. Chuyen mtic electron va quy ttic chon loc 189 

4.2. GHI VA BIliU DI§N PH6 Ttf NGOAI - KHA KI^N 191 

4.2.1. Ghi ph6 tti ngoai - kha kien (UV - Vis) 191 

4.2.2. Bi£u didn pho tti ngoai - kha kien 193 

4.2.3. Cac thuat ngti thirong dung 195 

4.3. PH6d-d 195 

4.3.1. Pho chuyen d-d va thuyet trubmg ph6'i tti 195 

4.3.2. Gian d6 Orgel va gian do Tanabe-Sugano 198 

4.3.3. Ghi va phan tfch ph6 chuyen d-d ctia phtic chat 203 

4.4. PH6 CHUYEN DI$N TfCH 212 

4.4.1. Chuyen mtic kem chuyen dien tfch 212 

4.4.2. Ghi va phan tfch pho chuyen dien tfch ctia phtic chat 215 

4.5. PH6 PH6l TCf 218 

4.5.1. Khai niem v6 pho pho'i tti 218 

4.5.2. Hap thu tti ngoai - kha kien ctia cac hop chat vo co don gian 219 

4.5.3. Hap thu tti ngoai - kha kien ctia cac hop chat htiu co don gian 221 

4.5.4. Ghi va phan tfch pho phoi tti ctia phtic cha't 228 

Chiiang 5 

PHUONG PHAP PHO DAO D0NG 2 33 

5.1. DAO B0NG cOA PHAN TCrvA SIT hAp THU BCTC XA H0NG NGOAI 233 

5.1.1. Dao dong ctia phan tti hai nguyen tti 233 


7 


5.1.2. Dao dong cua phan ttr nhi6u nguyen ttr 235 

5.1.3. Pho khuech tan to hop (ph6 Raman) 236 

5.2. GHI VA Bl^ll DI§N PHO HONG NGOAI 240 

5.2.1. Ghi ph6 hong ngoai 240 

5.2.2. Bi£u di6n ph6 hong ngoai 242 

5.3. HAP THU H6NG NGOAI CClA CAC HOP CHAT VO CO VA PHCfC CHAT , 244 

5.3.1. Bi£u d6 tuong quan 244 

5.3.2. Ph<5 dao d6ng va ca'u true hop chat v6 co 247 

5.4. HAP THU H<5NG NGOAI CC)A CAC HOP CHAT HOU CO 249 

5.4.1. T^n s 6 dac trung nhom 250 

5.4.2. T£n s 6 ha'p thu cua cac lidn k£t dem vefi hidro 251 

5.4.3. Tan s6' ha'p thu cua cac nhom lidn k^t ba va lidn ket d6i lien 254 

5.4.4. Tan so hap thu cua nhom cacbonyl 256 

5.4.5. Tan so ha'p thu cua cac lien k£t d6i C=C, C=N, N=N va N=0 260 

5.4.6. Ha'p thu trong vimg van ngon tay 262 

5.4.7. Vi du phan tich pho IR hop chat him co 263 

5.5. PHAN TfCH PH6 DAO DONG CAC HOP CHAT PHCfC CHAT 266 

5.5.1. Anh huong cua su tao phtic d^n cac van pho hong ngoai cua 

ph6'i tu 266 

5.5.2. Pho dao dong cua day phuc chat cis-diamin khong thuan 

cua Pt(II) 273 

5.5.3. Phan tich pho h6ng ngoai cua phtic chat kim loai 

chuyen tiep vdi axit cacboxylic 283 

5.5.4. Pho dao dong cua day phtre chat trans -dicloro 

(metyleugenol)(amin) Pt(II) 289 

Chucmg 6 

PHITONG PHAP PHO C0NG HUONG TIT HAT NHAN 295 

6 .1. SPIN HAT NHAN VA CONG Hl/dNG TO HAT NHAN 295 

6.1.1. Spin hat nhan va di6u kien cong huong 295 

6.1.2. Ghi pho cong huong tir hat nhan 298 

6.2. DO CHUYIzN DjCH HOA HOC 299 

6.2.1. Dinh nghTa 299 

6.2.2. Cac yeu t6' noi phan tu anh huong den do chuyen dich hoa hoc 301 

6.2.3. Hat nhan tuong duong ve do chuyen dich hoa hoc 306 


6.2.4. Cac yeu t6 ng6ai phan tu anh hucmg den d6 chuyfen dich hoa hoc 308 

6.3. TUONG TAC SPIN-SPIN 311 

6.3.1. Ban chat cua tirong tac spin-spin 311 

6.3.2. Hang s6 tuong tac spin-spin (hang s 6 tach) 315 

6.4. PH6 ’H NMR VA 13 C NMR COA HOP CHAT HCTU CO 317 

* 

6.4.1. Do chuyeln dich hoa hoc cua proton 317 

6.4.2. Cuong d6 van pho c6ng huong tir proton 320 

6.4.3. Sir tach van pho do tuong tac spin-spin giua cac proton 321 

6.4.4. Pho l3 C NMR cua hop chat huu co 327 

6 .5. PHAN TfCH PH6 ’H MNR CClA PHUC CHAT 330 

6.5.1. Pho ‘H NMR cua day phuc chat m-[PtCl 2 (Morpholin)(Amin)] 331 

6.5.2. Pho 'H NMR cua day phurc chat ci 5 -[PtQ 2 (Piperidin)(Amin)] 340 

6.5.3. Pho 'H NMR cua phuc chat kim loai voi olephin 349 

6.5.4. Pho 'H NMR cua phurc hidrua va phuc v6i ph6i tu 7i-giai toa 6 phuc |356 

6 .6. PHAN TfCH PH6 13 C NMR CClA CAC PHCTC CHAT 359 

6.6.1. Tin hieu 13 C NMR cua cacbon 6 ph6i tu cacbonyl 360 

6.6.2. Tin hieu 13 C NMR cua cacbon 6 ph6i tu v6i hd electron 7i giai toa 360 

6.6.3. Tin hieu 13 C NMR cua cacbon 6 ph6i tu ankyl va r) 2 -olephin 362 

6.7. Ph6 CONG HL/6 nG TC / HAT NHAN HAI CHILLI VA CAU TRClC C0 a PHCTC CHAT 364 

6.7.1. Ph6 HMQC 365 

6.7.2. Ph6 HMBC 368 

6.7.3. Pho'NOESY 371 

6.8. PH6l HOP CAC PHUONG PHAP PH6 NGHI^N ecru CAU TROC PHCTC CHAT 374 

6.8.1. Quy ket tin hieu NMR o nhung pho'i tu phuc tap 374 

6.8.2. Xac dinh ca'u true khong gian cua phuc chat 

[PtCl 2 (arylolephin)(amin)] 375 

Chuomg 7 

PHUONG PHAP PHO KHOI LlTONG 380 

7.1. PHUONG PHAP PH6 KH6l LUONG ION HOA ELECTRON (El MS) 380 

7.1.1. Su tao thanh ion phan tu va ion manh 380 

7.1.2. May ph6 khoi luong 383 

7.1.3. Cach bi6u didn pho khoi lucmg 384 

7.2. D6 NG V| TRONG PHUONG PHAP Ph6 KH6l LUONG 385 


9 


7.2.1. Bieu hien cua cac d6ng vi trfen ph6 kh6i luong 385 

7.2.2. Pho khdi luong phan giai cao 387 

7.3. MOT SO CTNG DUNG COa PH6 El MS 389 

7.3.1. Xac dinh nguyen tir khdi va phan tu khdi 389 

7.3.2. Xet doan ca'u true phan tu 390 

7.3.2. Xac dinh nhiSt thang hoa 395 

7.4. PHl/ONG PHAP PhO KH(5l LUONG ION HOA 6 AP SUAT KHf QUY^N 

(API MS) 395 

7.4.1. Sir hoa hoi ion 395 

7.4.2. Su tao thanh ion 396 

7.4.3. Biy ion va phuong phap MS" 399 

7.4.4. Phoi hop cac phuong phap ph6 xac dinh ca'u true phuc chat 402 

TAI LI$U THAM KHAO 414 


10 


Chiicmg 1 

PHtTC CHAT - NGUYfcN TIT TRUNG TAM - PHOI TIT 


1.1. PHtfc chAt vA si; tao thAnh phctc chAt 

1.1.1. Dien mao cua hoa hoc phurc chat ngay nay 

Hop chat phuc chat diu tien dupe t6ng hop trong phong thi nghiPm la xanh 
Berlin bdi Disbach vao nam 1704. Nhung phai gan 2 the ki sau, vao cudi the ki XIX, 
vdi sir ra ddi thuyet phdi tri cua Vecne (Alfred Werner, giai thucmg Nobel nam 
1913), cac kien thuc vP phuc chat luc do moi dupe he thong hoa va mot llnh vuc dac 
sac cua hoa hoc v6 co da dupe hinh thanh va phat trien thanh hoa hoc phuc chat ngay 
nay. 

Sang diu the ki XX, hoa hoc phuc chat co dupe su thay d6i vP chat. Do la viec 
xay dung dupe quan niem ve lien ket phoi tri (lien ket cho nhan) tren co so thuyet 
cap electron v6 lien ket cong hoa tri cua Liuyt. 

Thoi ki giua the ki XX dupe dac trung bdi su no rp cua cac thuyet hien dai v6 
ban chat cua lien ket trong phuc chat nho van dung nhung thanh qua cua co hoc 
lupng tu trong nghien cuu lien ket hoa hoc. Thuyet lien ket hoa tri (VB) voi quan 
diem lai hoa obitan cho phep giai thich mpt each d6 dang sir ton tai cac so phoi tri 
khac nhau, ca'u hinh khong gian va tu tinh cua mpt so phuc chat. Thuyet truong tinh 
the noi bat 6 tinh dinh luomg thong so tach A hay 10 Dq, nho do da giai thich kha tot 
pho d - d, tir tinh va ca cau hinh cua phuc chat. Viec mP ta day du ban chat cua cac 
kieu lien ket trong phuc chat dupe thuc hien bdi thuyet obitan phan tu (MO). Thuyet 
MO dua tren luan diem la lien ket trong phuc chat khong phai dupe dam bao bdi cac 
electron cua cac obitan nguyen tu (AO) dinh vi d ion trung tarn hay d phoi tir, ma bdi 
sir tao thanh cac obitan phan tir chung cho cac hat nhan tham gia lien ket. 

Ra ddi tir sir tich luy cac du kien thuc nghiem phong phu, cac thuyet vP lien ket 
phoi tri da gop phan phat huy tac dung giup cho su phat triPn manh me hon cua viec 
tdng hop va nghien cuu cac hop chat phuc chat d cac giai doan tiep theo. 

Tir cuoi the ki XX den nay hoa hoc phuc chat bude vao thdi ki phat trien moi 
day an tupng ca vP li thuyet va irng dung thuc tiPn. 

Nhung thanh tuu tuyet vdi ma hoa hoc phuc cha't da dat dupe, nhung hudng 
nghien ciru moi me ha'p din ma cac nha hoa hoc phuc chat dang tien hanh that vo 
ciing phong phu va rong ldn, kho co thP liet ke het dupe. Tuy nhien, co the neu len 
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nhirng v&'n de noi bat nha't, cung la nhirng xu hudng phat trien manh me nhat cua hoa 
hoc phuc chat giai doan nay la: 

1. Nghien ctiu cac phirc chat vdi cac phdi tu khong kinh dien, phot tu hiru co 
phirc tap, dac biet la nghien ciru cac phirc chat co kim va cac phirc chat chum 

Cac phirc chat vdi cac phdi td khong kinh didn (phdi tu rc-axit) dupe nghien cuu 
mot each co he thdng. Ngudi ta da tdng hop hang loat cac phuc chat caobonyl, phurc 
chat vdi cac phdi tir isonitril, photphin, N 2 , 0 2 , CS, NS, H~, dithiolen, phdi tCr loai 
anken, ankin, halocacbon (dan xua't halogen), ph 6 i tu chua cac h£ electron n giai toa, 
phdi tu mu va cac phdi tu vong ldn. Viec sir dung cac phdi tir huu co da cho hoa hoc 
phuc chat mdt khong gian phat trien vo tan va dly huta hen. Bdi vi cac hop chat huu 
co phat trien theo ca'p sd nhan va nghe thuat tdng hop huu co tinh vi co thd giup tao 
ra hang loat phdi tir thoa man yeu cau da dang cua su tao phuc va phii hop vdi viec 
hien thuc hoa cac y tudng sang tao ddc dao cua cac nha hoa hoc phirc chat. Ching 
han viec su dung cac phdi tu vong ldn da md ra mdt llnh vuc mdi la “hoa hoc chii - 
khach” (host - guest chemitry, giai Nobel nam 1987) ma nhirng ket qua nghien curu 
cua no khdng nhirng md dudng cho vide tim kiem nhflng xdc tac chon loc theo kich 
cd, ma con tao mau cho nhirng nghidn cdu sau hon vd cac qua trinh hoa sinh didn ra 
trong co th£ cac sinh vat. Cac phirc chat chum tir binh thudng (cluster) den khdng Id 
(giant cluster) dang dupe tdng hop, nghien curu va dua vao su dung. 

2. Nghien evtu phtic chat su dung trong cac he xiic tac di the va dong the nhdm 
phat trien cong nghiep hoa chat phuc vu ddi song va bao ve mdi trudng 

Co the khang dinh rang nhirng tien bd vupt bac cua edng nghiep hoa chat hiru 
co dat dupe trong nura cudi cua the ki XX chinh la nhd ap dung cac chu trinh san 
xua't cd su tham gia cua cac phurc chat. Cd the kd ra mot sd vf du dien hinh nhu sau: 
Xuc tac Ziegler-Natta (TiCl 4 + Et 3 Al) da lam mdt cudc each mang trong cong nghiep 
san xua't polime trirng hop do ha tha'p dupe nhiet dd va ap sua't ma lai tao ra dupe 
nhirng polime co ca'u true dieu hoa lap the vdi tinh nang vupt trdi so vdi cac polime 
khdng dieu hoa lap the; Chu trinh Wacker vdi xuc tac PdCl 2 - CuCl 2 cho phep tdng 
hop axetandehit nhd oxi hoa etilen bang oxi khdng khf; Nhd sir dung xuc tac 
[RhI 2 (CO) 2 r, ngudi ta da bien mot phan ung tudng chimg nhu vd li (CH 3 OH + CO 
-» CH 3 COOH ) trd thanh co sd cho cong nghe san xua't hon 70% lupng axit axetic 
tren toan the gidi; Su hidrosilyl hoa anken nhd xuc tac H 2 PtCl 6 dong vai trd 
quan trong trong cong nghiep silicon; Cac phuc chat cacbonyl nhu CoH(CO) 4 , 
RhH(CO)(PPh 3 ) 3 trong phan ung hidrofomyl hoa da tao ra cac andehit va ancol tir 
olephin... Cd th£ noi rang xuc tac phurc cha't da lam thay doi edng nghiep tdng hop 
hiru co truydn thong von dua tren axetilen (tdng hop tir metan) thanh edng nghiep 
tdng hop hiru co hi£n dai dira fren etilen va cac olephin gia re, san pham di kem cua 
qua trinh crackinh san xua't yang dlu. Ra't nhieu phuc cha't khac da va dang dupe ung 
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ling dung hoac dang duoc thu nghiem lam xuc tac dd t6ng hap cac hop chat huu ca 
kho tong hap hoac khong the tong hop dirac bang cac phan dng thong thirong, chang 
han nhu xuc tac cho phan ung t6ng hop chon loc lap the: trong cong nghiep hoa dupe. 

Bao ve moi truong d6 dam bao sir phat trien ben vung ngay nay da tro thanh 
mot yeu cau vo cung cap bach doi v6i nhan loai. Ngirbi ta can den nhung phuc chat 
xuc tac cho cac qua trinh "hoa hoc xanh" sao cho co dirpe cac qua trinh san xuat 
khong gay doc hai cho moi truong. Nhung hat nano phuc chat chum kim loai dang 
duac nghien cuu su dung trong viec chuydn hoa khi thai doc hai va trong cac qua 
trinh tao lap cac vat lieu vo co mdi vdi nhung tmh nang uu viet so v6i cac vat lieu 
truyen thong. 

3 Nghien cidi cac he phitc chat thien nhien hoac tong hop theo mo hinh cac 
phitc chat thien nhien 

Rat nhieu thanh tuu trong llnh vuc hoa sinh vo co va trong y duoc gdn lien vdi 
viec nghien ciru phire chat trong cac he sinh hoc. Nhung qua trinh quan trong nhat 
cua sir song nhu su quang hop, su van chuyen oxi va C0 2 trong co the, su xuc tac 
enzim deu da dan dupe sang to nher xac dinh dupe cau true va vai tro cua cac phuc 
chat dai phan tir (supamolecular). Vi du cac protein chua Fe nhu hemoglobin, 
myoglobin, transferin, peoxydase; cac enzim chura Fe va Mo nhu nitrogenase, nitrate 
reductase, chua Zn nhu cacbonic anhydrase, cacboxypeptidase; chua dong nhu 
supeoxidase, chua Ni nhu uredase; phire chat chua Co nhu vitamin B12, chua Mg nhu 
clorophin trong diep luc to,... 

Cac phoi tir vong ldn veri ca'u true phuc tap bat chucrc thien nhien da dupe t6ng 
hop va dua vao cau phoi tri vdi cac kim loai khac nhau nham nghien cuu hoat tfnh 
sinh hoc, hoat tfnh xuc tac cua chung. Co che tac dung cua nhieu loai thuoc cung 
dupe nghien ciru 6 mire do sinh hoc phan tir. Chang han tac dung kim ham te bao ung 
thu cua cisplatin dupe lam sang to khi nghien cuu phan ung thay the 2 phoi tu clo 
cua no bang cac baza nucleotit, tac dung khang sinh cua nonactin, erythromyxin 
dupe cho la co lien quan tori su tao phire "boc" veri ion kim loai (khang sinh mang ion). 


4. Sit dung sail rong cac phitong phap vat li hien dai trong nghien citu phitc chat 

6 nira dau the ki XX, cac phuong phap pho tir ngoai - kha kien, pho h6ng 
ngoai, pho Raman, nhifeu xa tia X, phuong phap tir da phat huy tac dung trong nghien 
ciru cau true va ban cha't lien ket trong phuc chat. Tir nira cuoi the ki XX den nay 
cimg voi cac phuong phap k6 tren, phuong phap cong hudng tir hat nhan, cong huong 
thuan tir electron, phuong phap cong huong hat nhan tir cue, phuong phap pho hap 
thu tia y (ph6 Mossbauer), phuong phap pho ion hoa phan tir (ph6 khoi luqng, pho 
cong huong ion xiclotron, pho quang electron...) da tro nen quen thuoc va khong the 
thieu duoc trong nghien cuu phuc chat. 
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Trong so do, dac biet quan trong phai k£ dd'n phircmg phap cdng hudng tir hat 
nhan va phuong phap nhidu xa tia X. Phircmg phap cdng hudng tu hat nhan. khong 
chi doi vdi cac hat nhan vdi spin = 1/2 (nhu 'H, l3 C, l9 F, l5 N. 3l P. l95 Pt, ll9 Sn...) ma ca 
vdi cac hat nhan tu cue I £ 1 (nhu 27 A1, 197 Au, l0 B, l35 Ba, Br, 43 Ca, Cl, 59 Co, A3 Cu, Ga. 
20l Hg, l27 I, 115 In, 2S Mg, l4 N, ’Mn, 23 Na, Nb, lc5 Re...), vdi hang tram kl thuat hai chidu. 
ba chidu khac nhau da cho phep nhanh chong xac dinh ca'u true cua nhung phuc chat 
cue ki phuc tap. 

Phuong phap nhidu xa tia X, dupe su h6 trp dac lire cua cac phan mem hien dai 
do tien bo vuqt b|c cua tin hoc mang lai, da ngay cang phat huy kha nang xac dinh 
cau true khdng gian chi tiet den do dai va do ldn cua timg khoang each, timg goc 
khong chi trong phan tu phuc chat ma con trong mang tinh the cua chung. 

Cac ket qua thu duoc tir cac phuong phap tren da giup giai quyet nhieu van de 
hoc bua nhu ban chat lien ket a,7i-cho/7i-nhan, ban chat lien ket kim loai-kim loai 
trong phiic chum da nhan va cac hat nano, sir quay va sir chuyen d6i vi tri phoi tri cua 
cac phoi tu, co che cua cac qua trinh xuc tac dong the, di the va xuc tac sinh hoc... 

Co the noi rang hien nay hoa hoc phuc chat dang phat trien rue ro va la noi hoi 
tu duoc nhirng thanh tuu cua hoa hoc huu co, hoa sinh, hoa dia, hoa m6i trudng, hoa 
duoc, hoa hoc xanh va hoa hoc nano. Bdi vi chinh phan tu phuc chat mang trong no 
su van dong cua cac yeu to trong cac lTnh vuc da ke ra. 

1.1.2. Mot so khai niem co ban theo IUPAC [la, lb] 

Cau phoi tri (Coordination entity) duoc cau tao tir mot nguyen tu trung tarn 
(thuong la nguyen tu kim loai) lien ket bao quanh vdi cac nguyen tu hoac cac nhom 
nguyen tir goi la phoi tur. Phoi tit la bat ki tieu phan nao (nguyen tu, phan tir hoac 
ion) cho cap electron de hinh thanh lien ket vdi nguyen tir trung tarn. Nguyen tir true 
tiep cho cap electron do duoc goi la nguyen tu cho. Cau phoi tri co the mang dien 
tich duong, am, hoac trung hoa, vi du nhu [Co(NH 3 ) 6 ] 3+ , [PtCl 4 ] 2 ', [Ni(CO) 4 ], Cac hop 
chat co chua c^u phoi tri nhu [Co(NH 3 ) 6 ]C1 3 , K 2 [PtCl 4 ], Ni(CO) 4 goi la cac hop chat 
phoi tri hay van thudng goi la phurc chat. Thuc ra, khai niem phitc chat rong hon 
khai niem hop chat phoi tri vi no con bao gom ca cac phirc chat phan tir chang han 
nhu quinhidron (/?-H0C 6 H 4 0H./?-0=C 6 H 4 =0), nhu C 6 H 6 .X 2 (X = Br, I)... 6 cac phuc 
chat phan tir ngudi ta khong phan biet dupe dau la nguyen tir trung tarn, dau la phoi tir. 

6 mdc dd gan dung, co the coi mdi lien ket giua nguyen tir trung tarn va phoi tir 
la mot lien ket a hai electron. So lien ket o quy dinh nhu vay dupe goi la so phor tri 
cua nguyen tir trung tarn. Nhu vay, so phoi tri khong phai luc nao cung bang so 
nguyen tir cho bao quanh nguyen tir trung tarn. Chang han cf K[PtCl 3 (C,H 4 )]. hai 
nguyen tu C tao vdi Pt mot lien ket cr hai electron nen chung chi chiem 1 so phoi tri 
cua Pt. 
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Nguyen tu trung tam (kf hieu la M) chiem vi tri trung tam trong c£u phoi tri. 
Qc phoi tu (kf hieu la^L) dinh vdi nguyen tu trung tam xac dinh ra hinh phoi tri 
(coordination polyhedron). Cac hinh phoi tri thong thudng la: dudng thing, tam giac, 
tu giac, tur didn va bat dien, chung duoc mo ta d cac hinh 1.1 - 1.6. C) cac hinh phoi 
tri, cac doan noi cac phoi tu vdi nhau la di bidu thi ro cac canh cua hinh phoi tri chd 
khong phai la lien ket giua chung. Lien ket giua nguyen tu trung tam vdi cac phoi tu 
duoc bieu diln bdi cong thtic phoi canh ben canh hinh phoi tri. So phoi tri duoc dat 
sau da'u gach noi vdi ki hieu cua hinh phoi tri d cac hinh 1.1 - 1.6. 

6 cong thutc phoi canh, cac dudng net dam chi cac lien ket hudng vi phia trudc 
mat trang gia'y, cac dudng net durt chi cac lien ket hudng ve phia sau trang giay, cac 
dudng net lidn khong dam chi cac lien ket nam trong mat trang giay. 

L-M-L / 

l L 

Thang (Linear), L-2 y\_2 


Hinh 1.1. Cac hinh phoi tri ung vdi sd phoi tri 2. 





Tam giac (Trigonal plane), TP-3 Chop tam giac (Trigonal pyramid), TPY-3 

Hinh 1.2. Hinh phoi tri va cdng thurc phdi canh umg vdi so phoi tri 3. 



L \ / L 

/ m \ l 

L L 


Vudng phang (Squareplane), SP-4 



Tur di6n (Tetrahedron), T-4 


Hinh 1.3. Hinh phd'i tri va c6ng thuc phidi canh ung vdi so phoi tri 4. 



Chop kep tam giac, TBPY-5 Chop vudng, SPY-5 

(Trigonal bipyramid) (Square pyramid) 

Hinh 1.4. Hinh phoi tri va cong thurc phoi canh ung vdi so phoi tri 5. 
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Bat dien (octahedron), OC-6 Lang tru tam giac (trigonal prism), TPR-6 

Hinh 1.5. Hinh phoi tri va cong thurc phoi canh ting vdi so phoi tri 6. 



Chop kep ngu giac, PBPY-7 Chop kep luc giac, HBPY-8 

(Pentagonal bipyramid) (Hexagonal bipyramid) 


Hinh 1.6. Hinh phoi tri va cong thurc phoi canh irng v6i so phoi tri 7 va 8. 

Cac so phoi tri cao hem 6 thiremg con co cac hinh phoi tri phiic tap hon nCra. 

1.1.3. Thuyet axit-bazo Liuyt va sir tao phurc [2, 3, 4, 8] 

a) Axit, baza va phan ting axit-bazff theo Liuyt 

Axit va baza Liuyt 

Neu nhu quan diem \i axit - baza theo Bronstet - Lauri t&p trung vao proton 
thi quan niem Liuyt lai neu bat vai tro cua cap electron. Thuyet Liuyt dinh nghla 
axit, bazo nhu sau: 

Baza la tieu phan co the cho cap electron de hinh thanh lien ket cho - nhan 

S’ 

Axit la tieu phan co the nhan cap electron de hinh thanh lien kei cho - nhan. 

Dinh nghla Liuyt, cung nhu dinh nghla Bronstet - Lauri, deu doi hoi bazo phai 
co cap electron de cho di, vi the thuyet Liuyt khong mo rong khai niem bazo. Tuy 
hhien, no mo rat rong khai niem axit. Nhieu tieu phan nhu C0 2 , Cu\ khong he chura 
H trong cong thurc (do do khong the la axit Bronstet - Lauri) lai la axit Liuyt boi vi 
trong phan urng chting co the nhan cap electron. Liuyt da noi: "Han che nhom axit chi 
la cac hop chat co chura hidro da can tro su hieu biet he thong cua hoa hoc cung 
nghiem trong nhu viec coi chat oxi hoa la nhung chat chura oxi vay". Hon the. chmh 
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proton cGng hoat ddng nhu mot axit theo dinh nghTa Liuyt, bai vi no nhan cap 
electron tit baza: 

B: + H + ^ B-H + 



Nhu th£, tat ca cdp axit Bronstet - Lauri d6u cho ra axit Liuyt, H + . 

Phan ting axit - baza theo Liuyt 

San phdm cua bat ki phan ting axit - baza Liuyt nao cung dupe goi la san pham 
cong (adduct), doi khi con goi la phuc chat. Trong trudng hap dan gian, no co chua 
mot lien ket c6ng hoa tri m6i duac hinh thanh: 

, 

A : B A - B (san phdm c6ng hop) 

Hinh 1.7 chi ra tuong tac gitfa cac obitan de hinh thanh lien ket. Sa dl tao ra 
san phdm c6ng b6n la do obitan lien ket m6i co nang lupng tha'p han duac hinh thanh 
va dupe la'p ddy bai cac cap electron tit HOMO cua baza nen da ha tha'p nang lupng 
cua he. 

A A-B :B 


Hinh 1.7. Sir hinh thanh MO dinh vi tir 
LUMO (obitan khong bi chie'm tha'p nha't) 
cua axit Liuyt va HOMO (obitan bi chiem 
cao nha't) cua baza Liuyt. 


LUMO 


n 


( \ 


\ 


-fr 


-H- 

M 

T7“ 


4f 


HOMO 


/ 


m 


> 


m 

IT 




-H- 


M6t s6 thf du vl axit va baza Liuyt ciing 
veri san phdm c6ng hap cua chiing duac dua ra a bang 1.1. 


Bang 1.1. M6t vai axit, baza Liuyt va san phdm cong hap cua chung 


Axit Liuyt 

Bazo Liuyt 

H~ 

OB" 

nh 3 

cr 

c 6 h 6 

H + 

h 2 

H 2 0 

NH* 

4 

HCl 

[c 6 h;i 

B(CH 3 ) 3 

B(CH 3 ) 3 H" 

B(CH 3 ) 3 OH" 

B(CH 3 ) 3 NH 3 

.... 

B(CH 3 ) 3 .C 6 H 6 

S0 3 

hso 3 - 

hso 4 " 

nh 3 so 3 

so 3 cr 

• •. 

Ag + 

• • • 

[Ag(OH)] 

[Ag(NH 3 ) 2 ] + 

[AgCl 2 ]" 

AgC 6 H 6 + 

h 

... 

I 2 OH" 

I 2 NH 3 

I 2 C1" 

I 2 QH 6 
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Co nhung phan ta hoat dong vira nhir mot axit lai vira nhir mbt bazo Liuvt vi 
nhung phan tu do vira co nguyen ta co kha nang nhan cap electron vira co nguydn ta 
co kha nang cho cap electron. Thf du, SnCl 2 the hien l^n luot nha mot axit. r6i nha 
mot bazo trong cac phan ung sau: 


PtCl 2- i 

-J-Pt(SnCl 3 )^ 


CT 


■> SnCl - 


SnCl 2 


F 3 B N(CH 3 ) 3 
\ / 


N(CH 3 ) 3 , BF, \ / 

SnCl 2 - } } > Cl 2 SnN(CH 3 ) 3 -2—» Sn 

/ \ 

Cl Cl 

Nha v$y thuyet Liuyt da mo rong mot each co ban khai mem phan urng axit - 
bazo: Phan urng axit - bazo theo Areniuyt la sir hinh thanh H z O tir H + va OH , theo 
Bronstet - Lauri la sa chuyen proton tu axit manh hon den bazo manh hon dd hinh 
thanh bazo yeu hon va axit yeu hon. Den Liuyt, phan ung axit - bazo tro thanh su 
cho va nh$n cap electron de hinh thanh lien ket cong hoa tri theo co che cho - nh&n. 
Do chfnh la su tao phuc. 

Vi axit la chat nhan electron nen con duoc goi la chat electrophin (electrophile 
co nghla la “ua, thfch electron”, con bazo la chat cho electron hoac chat nucleophin 
(nucleophile co nghla la ua, thich hat nhan). 

Ngoai phan ung cong (con goi la su tao phuc) nhu tren con co nhung phan 
ung axit - bazo kieu Liuyt ma trong do xay ra su chuyen mot axit tu mot bazo nay 
den mot bazo khac hoac nguoc lai, chuyen mot bazo tir axit nay den mot axit khac, 
hoac ca hai xay ra dong thoi. Nhung phan ung co ban do duoc phan loai nhu sau. 

Phan urng th£: 

■ Phan urng th£ mot bazo Liuyt nay bang mot bazo Liuyt khac: 


B-A +:B ->:B + A-B 

Thi du: 




(C 2 H 5 ) 2 0-BF 3 +:NC 5 H 5 -> (QHj^O + F 3 B -NC 5 H 5 

Phan ung the mot axit Liuyt nay bang mot axit Liuyt khac: 


- > B-A + A 

Thf du: 



BF 3 + C 5 H 5 N - SnCl 2 -> C 5 H 5 N - BF 3 + SnCl 2 

■ Phan ung trao d6i con duoc goi la phan ung "the kep" vi o do su the' bazo B 
bang B’ gan lien vdi su tach B bang axit A’ va tach B’ Jjang axit A: 
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A-B + A’-B’ ->A-B’ + A’ - B 

Thf du: 

(QHj^Si - I + AgBr ->■ (C 2 H 5 ) 3 Si-Br + Agl 


b. Mot so loai axit Liuyt thu&ng gap 

Nhu chung ta da tha'y, diem then chdt cua bazo Liuyt la mot cap electron tit do 
de cho. Diem then chdt cua axit Liuyt la mot obitan trong (hoac kha nang s4p xep lai 
cac lien ket de co mOt obitan trong) de nhdn cap electron ma hinh thanh ra lien ket 
mdi. Nhu thd co rat nhidu phan tir trung hoa va ion tfch dien duong (cation) thoa man 
doi hoi \i axit nhu se tha'y dudi day: 

Axit Liuyt ch&a nguyen tu thieu hut electron 

Co nhung phan tir axit Liuyt chua nguyen tur trung tarn chua du 8 electron (bat 
tu) nen goi la thieu hut electron. Di^n hinh la cac hop chat c6ng hoa trj cua cac 
nguyen to nhom IIIA nhu cac halogenua cua B, Al, Ga, In, va Tl. Sau do la cac 
halogenua cua Si, Ge, Sn, Pb, P, As, Sb, Bi d trang thai oxi hoa tha'p nhu SnCl 2 , 
AsC1 3 , BiCl 3 ... Nhung hop chat nay phan umg rat manh d^ hoan chinh bat tu. Thi du, 
bo triflorua nhan cap electron cua amoniac de hinh thanh lien k£'t c6ng hoa tri trong 
phan ting axit - bazo Liuyt d pha khf. 



f 3 b—nh 3 

San phim cdng 



Hinh 1.8. Tuong tac giua LUMO cua BF 3 vdi HOMO cua NH 3 . 


Hinh 1.8 chi ra sir tao thanh lien ket tir LUMO cua BF 3 va HOMO cua NH 3 . Bdi 
vi LUMO cua BF 3 co dang obitan 7i kho phan ting nen phai chuy6n thanh dang lai 
hoa sp 3 d6 d6 xen phu vdi HOMO sp 3 cua NH 3 . Ket qua la tac lien ket a giua B va N. 

Khac vdi bo halogenua, nhom halogenua la dime d thd khf. So dl nhu v$y la vi 
obitan p d Al ft co xu hudng tao lien ket 7i hon d B nen dd tao ra san ph&m cong vdi 
Cl lien ket vdi nguyen tu Al ben canh. Ket qua la tao thanh dime A1 2 C1 6 (hinh 1.9). 
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a ,:ci a 
\ f \ / 



a \ a / 
\r'. ai 

/ V / \ 

ci > cr 


a 

ci 


Hinh 1.9. Su hinh thanh A1 2 C1 6 . 


Tfnh tan bat thudng trong m6t sd trufrng hap da dugc giai thich boi su tao thanh 
san phctm c6ng do tuong tac axit-bazo Liuyt. Chang han, nh6m clorua hoa tan tot 
trong dietyl ete, mdt dung m6i h£u nhu khbng phan cue, la do nguyen tir O cua ete 
da cho Al cap electron d£ hinh thanh lien ket c6ng hoa tri Al-0 ben hon so vdi lien 
ket cau A1-C1-A1: 



CH3CH2 

CH3CH2 


Al-Cl 

\n 


Baza Axit San ph&m c6ng 

Dac tinh axit do cua halogenua bo va nh6m dugc ung dung rat nhi^u trong tong 
hgp huu co. Chang han cac ankyl benzen co th£ dugc di6u che tir benzen va ankyl 
clorua (R - Cl) khi co mat A1C1 3 . 6 do A1C1 3 (axit Liuyt) da lay CL (bazo Liuyt) tir 
CH 3 C1 tao ra san phtim edng co chtia cation CH + hoat dong manh va tan cong vao 
nhan benzen: 


HjC-^l: + VlCIj — (CHj]*(CI-AlClj]' 

Bazo - Axit San ph&m c6ng 

C„H 6 + [CH 3 r(Cl-AlCl,r -C 6 H 5 -CH 3 + A1C1 3 + HC1 

Benzen Toluen 

Axit Liuyt chtia lien ket boi phan cue 

Cac phan tu co chura lien ket doi phan cue cung co th£ hoat dong nhu axit. Khi 
cap electron d bazo’Liuyt lai g£n dau duong cua lien ket doi phan cue, lien ket 7 t bi 
dut ra va tao thanh lien ket mdi 6 san pham cong. Thi du, phan ung khi hoa tan S0 2 
vao nude. Hai nguyen tir oxi am dien hut electron tir S lam cho no trd thanh tich dien 
duong. Nguyen tu oxi cua nude nhudng cap electron tu do cho S lam dut mot lien ket 
n va hinh thanh lien ket S-O, con proton thi chuy£n tu nude tdi nguyen tir O do. Ket 
qua tao ra san pham cong la axit sunfuro: 
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O' 


-H 


6 - ^ 6 - + / \ 
*Cr X> H H 


Axit 


Bazo 


X 0—H 
San phdm c6ng 


Trong sir hinh thanji cacbonat tir kim loai oxit va cacbon dioxit, phan ung tirang 
tu nhu tren cung xay ra trong he di the. Chmh ion O 2 " nhirong cap electron cho C 
mang mot phan dien tich dirong a C0 2 lam dirt lien ket n va tao thanh san pham 

cong la CO 


2 - 


„ •• 2 - 
Ca 2+ :0: + 


Bazo 


..5- 5+ ..8- 

o=c^ 


Ca 2+ 


:0 


\ 

X=0 

•• 

:0 

• • 

San ph&m cdng 


2 - 




2» 



M 

axit 


Axit 

Axit Liuyt la ion kim loai 

Nhir da tha'y ion kim loai 
hidrat hoa hoat dong nhir la 
nhirng axit Bronstet - Lauri. 

Theo thuyet Liuyt, qua trinh 
hidrat hoa tu no la mdt phan' umg 
axit - bazo, do do moi ion kim 
loai hoat dong nhir mdt axit 
Liuyt khi hoa tan trong nude. 

Cation hidrat hoa chinh la san 
phaim cong khi ma cap electron 
d nguyen tu O cua nude tao thanh lien ket edng hoa tri vdi cation kim loai. Hinh 1.10 
mmh hoa su tao thanh ion hidrat hoa [M(H 2 0) 4 ] 2 theo phan ung sau: 

M 2+ + 4H 2 6(i) — 

Axit Bazo San phdm c6ng 

Amoniac la mdt bazo Liuyt manh hctn so vdi nude, vi \ky no d£y nude ra khoi 
ion hidrat hoa: 


4H 2 or/; 

Bazo 


M(H 2 0 ),(aq) 
San pham edng 


Hinh 1.10. Mo hinh su tao thanh ion M(H 2 0) 4 


[M(H 2 0) 4 J ( 2 *, 


[NHHjOJJ, 2 ;, +6NH,„„, — [Ni(NH,) 6 ) 2+ 


(aq) 


+ 6 H 2 0 


3(aq) 

San phdm c6ng nude Bazo San phdm c6ng amoniac 

Rat nhieu phan tu sinh hoc quan trong la nhirng axit Liuyt chua nguyen tu 
trung tarn la ion kim loai. Cung ra't thudng gap cac nguyen tu O, N cua cac phan tu 
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huu co vdi nhung doi electron tu do, 
dong vai tro la baza Liuyt. 

Clorophin la san ph&m cong ki£u 
Liuyt cua ion trung tarn Mg 2+ va 4 
nguyen tCr N thudc hap chat chua 4 
vong pirol (hinh 1.11). Vitamin B, 2 
chua ion trung tarn Co 3+ co ca'u true 
tuang tu nhu hem (mdt ph£n cua 
hemoglobin, vdi ion trung tarn la 
Fe 2+ ). Mot vai ion kim loai khac nhu 
Zn 2+ , Mo 2+ va Cu 2+ dugc lien ket a 
nhom hoat ddng cua cac enzim va 
tham gia vao cac hoat ddng xuc tac 
chmh bdi tmh axit Liuyt cua chung. 

c. Luc axit - bazo Liuyt 

Mdt trong nhung kho khan khi he th6ng hoa luc baza Liuyt la khuynh hudng 
bien doi khac nhau cua K, AG° hoac AH° khi dung cac axit khac nhau. Thi du, kha 
nang tao phuc cua ion halogenua vdi Al 3+ tang theo trat tu I'<Br' <C1‘ <F“, nhung doi 
vdi Hg 2+ thi ngugc lai, I" > Br" > CL > F". TTid tu ngugc nhau cung tha'y d nhiet cua 
phan ung giua cac axit I 2 va C 6 H 5 OH vdi cac baza (C 2 H 5 ) 2 0 va (C 2 H 5 ) 2 S. Nhiet phan 
ung giua I 2 vdi (QHj^S ldn hern vdi (QH^O, trong khi do, nhiet cua phan umg giua 
C 6 H 5 OH vdi (C 2 H 5 ) 2 S lai nho han vdi (C2H 5 ) 2 0. De giai thlch hien tuang do cung nhu 
vo so hien tucrng tuang tu khac, nam 1963, Pearson da de nghi quy tac axit, baza 
curng va mem (viet tat la quy tac ABCM). Trudc het ta hay tim hieu khai niem axit, 
bazo efing va mem. 

Axit, bazo cicng va mem 

Tu lau ngudi ta da biet can cur vao ai luc doi vdi cac pho'i tu khac nhau, de chia 
cac ion kim loai ra thanh hai nhom a va b. 

Nhom a gdm chu yeu: 

- Cac ion kim loai kiem va kim loai kidm tho nhu: Na + , K\ Ca 2+ ... 

- Cac ion kim loai nhe co dien tfch cao nha't nhu: Ti 4+ , Fe 3+ . Co 3+ , Al 3+ 

Nhom b chu yeu co: 

- Cac ion kim loai nang nha't, thi du: Hg^" 1 ", Hg 2+ ,'Pt 2+ . Pt 4+ . Ag + . Cu + 

- Cac ion kim loai co difen tich tha'p, thi du cac ion co difen tich khong \i mat 
hinh thufc trong cacbonil kim loai, nhu: V° trong V(CO) 6 ; Cr° trong Cr(CO).: Fe° 
trong Fe(CO) 5 , Ni° trong Ni(CO) 4 . 



Hinh 1.11. Trong phSn tir clorophin, ion Mg 2 
dong vai tro axit Liuyt. 
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Khi nghidn ciru su tao phtic ddi vdi cac phoi tu chda nguyen tu cua cac nguyen 
td tir nhom V den nhom VII, chang han nhir day dang electron R 3 N, R 3 P, R,As, R 3 Sb 
(nhom VA), hoac day ion F, Cl", Br" va I" (nhom VII) ngudi ta nhan tha'y: doi vdi 
cac kim loai nhom a, do bdn cua cac phuc chat giam dan khi chuyen tir phoi tu chua 
nguyen to nhe den cac nguyen to nang hon trong nhom. Nghla la cac kim loai nhom 
a tao dupe cac phirc chat bdn nha't vdi cac phoi tu nhe. Doi vdi cac kim loai nhom b 
co khuynh hudng hoan toan ngupc lai. Co the khai quat cac khuynh hudng do nhu 
trong bang 1.2. . 


Bang 1.2. Khuynh hudng tao phuc cua cac kim loai vdi cac phoi tu trong mot nhom 


Do ben cua cac phiic chat 
kim loai nhom a 

Cac phdi tu 

Do ben cua cac phuc chat kim 
loai nhom b 

Phuc chat bdn nha't 

t 

Phdc chat kem bdn nha't 

r 3 n, r 2 o, f 
r 3 p, R 2 S, Cl" 

R 3 As, R 2 Se, Br" 

Phdc chat kem bdn nhat 

Phurc chat bdn nha't 


Ve sau Pearson nhan tha'y, co th£ ap dung su tuong quan nay sang pham vi rat 
rong v6 cac tuong tac axit - baza. Ong nhan xet rang, thuoc nhom a la cac ion kim 
loai co ban kfnh nho, dac chat va ldp electron hoa tri cua chung It co khuynh hudng 
doi vdi su phan cue hoa. Cac ion kim loai nay cung tuong tac mot each uu the vdi 
cac phdi tir co ldp electron hoa tri bi phan cue yeu. Ong goi nhung kim loai va phoi 
tu nhu the la axit va baza cung. Nguac lai, thuoc nhom b la cac ion kim loai co ban 
kfnh ldn hon va ldp electron hoa trj cua chung d6 bj phan cue hoa hon. Chung tuong 
tac mot each uu the vdi cac phdi tu co th£ tich ldn, bi phan cue manh hon. Pearson 
goi cac kim loai va phdi tir loai nay la axit va bazo mdm. 

Nhu vay: Axit hoac baza mem la axit hoac baza ma electron hod tri cua chung 
di bi phan cue hod, di hinh thanh lien ket cong hod tri. D6 bi phan cue hoa ddi vdi 
bazo mdm cung co nghla la dd cho cap electron. Nguoc lai, axit hoac baza cung la 
nhung tieu phan giu chat electron hod tri, kho bi bien dang va tuong tac giCta chung 
giong nhu tuong tac ion. 

Su phan chia axit, bazo thanh cung hay mem khdng phai la tuyet ddi va cung 
khdng phai la co mot ranh gidi ro ret (bang 1.3). Noi chung tlnh cung cua axit, bazo 
la ion don gian thi giam doc theo nhom, thf du: 

Li + > Na + > K + ; Zn 2+ > Cd 2+ > Hg 2+ ; F > Cl" > Br" > I". 

Ddi vdi cac bazo la cac ti£u phan dang electron (isoelectron) thi tlnh edng tang 
doc theo chu ki: NH 2 < OH" < F~. 

Su phan loai mot sd axit va bazo cung, mem va trung gian dupe the hien d bang 1.3. 
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Bang 1.3. Phan loai mbt s 6 axit, baza Liuyt 



Axit 

Baza 


H + , Li + , Na + , K + 

H 2 0, OH", F 


Be 2 *, Mg 2 *, Ca 2 *, Sr 2 *, Mn 2 * 

CH 3 C 0 2 . P04 - , soj- 


Al 3 *, Sc 3 *, Ga 3 *, In 3 *, La 3 * 

Cl", CO 3 ", CIO 4 , NOJ 


N 3 *, Cl 3 * Gd 3 *, Lu 3 *, Cr 3 * 

ROH, RO , R 2 0 

o 

Co 3 *, Fe 3 *, As 3 *, CH 3 Sn 3 * 

Si 4 *, Ti 4 *, Zn 4 *, Th 4 *, U 4 * 

Pu 4 *, Ce 3 *, Hf 4 *, WO 4 *, Sn 4 *, UO^ + , (CH,) 2 Sn 2 * 

NH„ RNH,, N 2 H 4 

o 

VO 2 *, MoO 3 *, Be(CH 3 ) 2 , BF 3 , B(OR) 3 , 

A1(CH 3 ) 3 , aici 3 

A1H 3 , RPO 2 , ROPO 2 

RSOj, ROSO^SO, 

I 7 *, I 5 *, Cl 7 *, Cr 6 *, RCO*, 

C0 2 , NC* 

HX 



Fe 2 *, Co 2 *, Ni 2 * 

C 6 H 5 NH 2 , c 5 h 5 n, n j 

z 

< 

Cu 2 *, Zn 2 *, Pb 2 * 

Br", NO 2 , SO?", N 2 

o 

a 

z 

D 
o C 

H 

Sn 2 *, Sb 3 *, Bi 3 *, Rh 3 * 

Ir 2 * B(CH 3 ) 3 , S0 2 

NO*, Ru 2 *, Os 2 * 

R 3 C*, C 6 H 5 , GaH 3 



Cu*, Ag*, Au*, Tl*, Hg* 

Pd 2 *, Cd 2 *, Pt 2 *, Hg 2 * 

CH 3 Hg*, Co(CN) 5 ”, Pt 4 *, Te 4 * 

Tl 3 *, T1(CH 3 ) 3 , BH 3 , Ga(CH 3 ) 3 

R 2 S, RSH, RS" 


GaCl 3 , Gal 3 , InCl 3 

I", SCN", S 2 Of _ , R 3 P, 


I*, Br\ HO*. RO* 

R 3 As 


I 2 , Br 2 , ICN 

(RO) 3 p 

CN , RNC, CO 

QH,, C 6 H 6 



H , R- 
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Xua't phat di£m dua vide dua ra thuat ngu cung, mdm la khai nidm ve do phan 
cue hoa nhung chac chan la cac sir kidn thirc nghiem dupe mo ta con co lien quan vdi 
nhung yd'u 1 6 khac. Ngufri ta khdng hoan toan d6ng y ve ban chat cua cac khai nidm 
do. Nhung r5 rang la doi vdi tirong tac “cung - cung” luc hut Culong co tac dung 
quan trong, con doi Vdi tirong tac “ mdm- m6m” thi ph^n dong gop cua lien ket cong 
hoa tri la quan trong hon. Mot so nha hoa hoc da thirc hien nhung y dinh khac nhau 
de lam chinh xac hon va dinh lupng hon cac khai niem vd lire axit va luc bazo Liuyt 
nhung d6u chua thanh edng. 

Quy tac axit, bazo cting va mem (ABCM) 

O tren ta da thay, axit cung de tuong tac vdi bazo cung, con axit mem lai de 
tuong tac vdi bazo mem. Tu do, Pearson da dua ra mot quy tile kinh nghiem dinh 
tfnh: “Axit cting ifa bazo cting, axit mem ua bazo mem". 

Vdi quy tac ABCM ta co th£ giai thich xu hudng trai ngupc trong phan irng cua 
cac anion halogenua vdi Al 3+ va Hg 2+ nhu sau: Al 3+ la axit cung, no dd dang lien ket 
vdi bazo cumg nhu F", con Hg 2+ la axit mdm, no dd dang lien ket vdi bazo mdm, nhu 
I“. Tuong tu, ta co the giai thich dupe nhiet phan ung giCra I 2 va C 6 H,OH vdi (C 2 H,) z O 
va (C 2 H 5 ) 2 S: lot va (C 2 H 5 ) 2 S phan umg vdi nhau manh vi chung ddu mdm; C 6 H 5 OH va 
(C 2 H 5 ) 2 0 phan ung vdi nhau cung manh vi chung ddu curng. 

Quy tk ABCM co nhidu ufng dung trong hoa vd co. Bdi vi “tinh cung” cua 
nguyen to thudng tang theo su tang trang thai oxi hoa, tuc la cac nguyen to d trang 
thai oxi hoa cao la cac axit curng, ndn hop chat bdn cua chung phai la hop chat vdi 
bazo cung nhu F~, 0 2 “, HO“. Chang han, Fe (VI), Ag (III) va Pt(IV) co the didu che 
dupe d dang K 2 Fe0 4 , AgO (bac (II) oxit la oxit cua Ag(I) va Ag(III) vdi edng thurc 
Ag +l Ag +3 0 2 ), va PtF 6 tuong ufng. De bdn hoa nguyen to'd trang thai hoa tri tha'p can 
phoi tri no vdi cac bazo mdm nhu CO, R 3 P. Chang han Co (-1), platin (0) dupe tha'y 
d Na[Co(CO) 4 ] va Pt[P(CH 3 ) 3 ] 4 . Trong day hop chat R 3 SiI -> (R 3 Si) 2 S -> R 3 SiBr -> 
R 3 SiNC ->R 3 SiCl -> R 3 SiNSC ->R 3 SiNCO -> R 3 SiF, mot hop chat nay co the chuyen 
hoa thanh bat ki hop chat khac d bdn phai no bang each dun hoi luu vdi mot muoi 
bac thich hop. The' nhung no khdng the dupe chuyen hoa vdi hieu sua't cao thanh hop 
chat bdn trai bang phuong phap do. Thi du phan ung sau la khong thuan nghich: 

Et 3 SiI + AgBr - > Et 3 SiBr + Agl 

6 phan ung tren, Ag + la axit mem ndn co xu hudng lien ket vdi bazo mem (I - ), 
con nguyen tu Si la axit curng ndn dd lien ket vdi bazo cung. 

Nhu vay, thuyet axit - bazo Liuyt khdng nhung co the bao ham tat cac thuyet 
axit - bazo ma con dupe md rong rat nhieu. Cac thi du d tren cho tha'y, chi trir cac 
phan ung thuc chat co su cho va nhudng han electron (thuoc loai phan ung oxi hoa - 
khu), con lai hau nhu tat ca cac phan ung khac deu la phan ung axit-bazo. Chinh vi 


25 



qua md rong nen ngudi ta kho tim dirac nhung quy lufit dinh tfnh va dinh luong chi 
phoi trong pham vi ta't ca cac axit va baza Liuyt. 


1.2. NGUYEN TCTTRUNG TAM 6 PHtfC CHAT DON NHAN, PHCTC CHAT OA NHAN 
VAPHCTCCHAtCHCJM [4, 7, 9] 

1.2.1. Phurc chat don nhan 


Sd phoi trf la mot dac trung quan trong cua nguyen tu trung tam, nhung no 
khong chi phu thudc vao ion trung tam ma con vao ca phdi tu lien ket vdi no. Sau 
day se xet nhung s 6 phdi trf thubng gap va nhung thi du minh hoa cho chung trong 
cac phuc chat don nhan. 

So phid'i tri 2: gap 6 phuc chat cua Cu + , Ag\ Au + va Hg + . Phuc chat vdi hinh 
phoi tri thang hang dien hinh la [ClCuCl]', [H,NAgNH 3 ]\ [NCHgCN]”. [XAuX] 
(X = halogenua). Ngoai ra con gap cac phuc chat thang hang khac nhu [UOJ' 1 . I, , 
[BrClJ-,... 

So phd'i tri 3: So phdi trf 3 th£ hien thanh hinh phdi trf tam giac TPY3 gap d ion 
[Hgl 3 ]” (1 .la) trong hop chat (CH 3 ) 3 S + [HgI 3 ] - hoac trong cac phuc [Cr(NR 2 ) 3 ], 
[Fe(NR 2 ) 3 ] vdi R = Me 3 Si. S6 phoi trf 3 vdi hinh phoi trf chu T gap d C1F 3 , BrF 3 (1 .lb, 
l.Ic). So phoi trf 3 vdi hinh phoi trf chop tam giac gap d ion [PbO,] 4 d hop chat 
K 4 [P0 3 ] (1 .Id) 


(-) 

F -Cl— F 

F Br F 

. Pb. ( 4 ') 

V "° 

8 ^I 

F 

F 

0 

..la 

l.Ib 

l.Ic 

1 .Id 


So phoi tri 4 la rat ph6 bien va rat quan trong khdng nhung ddi vdi cac kim loai 
ma con ca doi vdi cac nguyen to khac nhu C, Si, N, P, ... Hai hinh phdi trf ph6 bien 
nha't la hinh vuong va hinh tu dien. Vf du cac phuc chat cua Pt(II), Pd(II) luon d cau 
true vuong phang, phde chat cua Ni 2+ co trudng herp la vudng phang (SP-4, hinh 1.3) 
co trudng herp la td dien (T-4, hinh 1.3). Thf du: 


O—H—O 

Ni 

5 * / \ - 

N N* 


Me' 


Me 


Me 
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O—H—O 

l.IIa (SP-4) 


l.IIb (T-4) 







S6'phoi tri 5: Kern ph6 bien hon sd phoi tri 4. Cau true kieu chop kep tam giac 
(TBPY-5, hinh 1.4) gap b cac phire [MC1 5 ] 3 ' (M = Cu, Cd, Hg), Fe(CO) 5 , Ru(CO) v 
The nhimg [InCl 5 ] 2 ', [T1C1 5 ] 3 ' lai co ca'u true chop vuong (SPY-5, hinh 1.4). Dac biet 
ion [Ni(CN) 5 ] 3+ vira 6 ca'u true TBPY-5 vira b ca'u true SPY-5 trong cung mot mang 
tinh the. 

So phoi tri 6\ La pho bien nhat va thuemg co ca'u true bat dien OC-6 (hinh 1.5), 
tuy nhien khong phai la luc nao cung deu dan, tuc la do dai lien ket M-L o cac true 
co th6 la khac nhau din tdi cac bat dien lech. 

Hinh phoi tri bat dien OC-6 la dac trimg doi vdi nhieu ion kim loai nhu Pt(IV), 
Pd(IV), Fe(III), Co(III), Cr(III), Ir(III), Al(III), ... 6 cac phire dang ML fi , trong do L 6 
la 6 nguyen tCr cho cua 6 hoac ft hon cua cac phoi tir du loai. 

Hinh phoi tri lang tru tam giac (TPR-6, hinh 1.5) rat hiem gap va cung khong 
xay ra doi vdi loai phire ML 6 ma L la phoi tir dung luong mot (mot nguyen tir cho). 
Vf du, cho loai hinh phoi tri nay gap doi vdi phoi tir vong cang chura S, Se nhu RC(S)- 
C(S)R, RC(Se)-C(Se)R va o cac phire MM 3 S 6 (M = Mn, Fe, Co, Ni, ...; M = Nb, Ta) 

So phoi tri cao hem 6 

So phoi trf 7, 8 va 9 thuemg gap a cac nguyen to ho lantan. Mot s 6 hop chat cua 
lantan trude kia xem la co so phoi trf 6 la khong dung, vi khi do chi mdi ke den cac 
phoi tu nhu acac, EDTA hoac S0 4 2- ma chua ke den cac phan tu dung moi (nhu H z O) 
co mat trong cau phoi trf. 

Chang han, hop chat Y(acac) 3 .H 2 0 co ca'u true lang tru tam giac mot mu, trong 
do Y co so phoi trf 7 (hinh 1.12a). Cac hop chat Y(acac) 3 .3H 2 0 va Y(acac) 3 (H 2 0) 2 
deu co ca'u true lang tru tur giac xoan nhu o hinh 1.12b, trong do Y the hien so phoi 
trf 8. Cac phurc [Nd(H 2 0) 9 ] 3+ , KLa(EDTA).8H 2 0, La(S0 4 ) 3 .9H 2 0 da duoc xac dinh la 
co ca'u true lang tru tam giac xodn ba mu hinh 1.12c, trong do Nd va La the hien so 
phoi trf 9. 




b) 



c) 


Hinh 1.12. M6t so hinh phoi trf ung vdi so phoi trf 7, 8, 9. 
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1.2.2. Phuc chat da nhan 


Phtic chat chua tir 2 nguyen tir trung tarn trd I6n goi la phuc chat da nhan. Co 
hai loai phuc chat da nhan co ban. Phuc da nhan thdng thudng la phuc chat vcri cac 
phoi tu clu ndi lien k£t cac nguyen tu kim loai trung tarn cua cac cau phdi trf lai vdi 
nhau. Phuc chum da nhan la cac phuc chat chira cac nguyen tu kim loai li£n ket true 
tiep vdi nhau. 

6 muc nay ta xet cac phirc chat da nhan thdng thudng. Dd hidu nha't la loai 
phuc chat da nhan vdi phdi tu chira hai nguyfin tu cho lien kdt vdi hai nguyen tir 
trung tarn khac nhau nhu a 1 .Ilia va 1 .Illb 


N/^X / 3 

/\ /\ 

a N NCS PPr, 


1 Ilia 



6 loai thu hai, mdt nguyen tu cho cua phdi tu c^u ndi phdi trf dong thbi vdi hai 
nguyen tu trung tarn khi do co th£ tao ra cac kidu ca'u true chung dinh, chung canh va 
chung mat nhu trong bang 1.4 dudi day. 


Bang 1.4. Ca'u true mdt sd phirc da nhan vdi phdi tu cau ndi mdt nguyen tu cho 



Chung dinh 

Chung canh 

Chung mat 

Tur didn 

O 

AX 


O 

^ J 

Vuong 

phing 

<3><3> 

o 

o 


Bat 

dien 

0 

? /T7 

hr* 

0 0 

//■/ 
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Loai phuc chat da nhan chung dinh co thl a dang dime nhu 
[(NH 3 ) 5 CoNH 2 Co(NH 3 ) 5 ] 5+ hoac 6 dang polime chu6i nhu [(A1F S ) 2 ] D (hinh 1.13). 



b) 


Hinh 1.13. a- Ca'u true cua [(NH 3 ) 5 CoNH 2 Co(NH 3 ) 5 ]'*; b- Ca'u true cua [(A1F,) : ]„• 

Ca'u true chung canh cung gap a dang dime cua cac halogenua Al 3+ , Ga 3+ , In 3 \ 
Fe 3+ , Al 3+ (M 2 X 6 ) (va cac hop chat tuang tu) hoac 6 cac dang thuy phan phuc dan 
nhan ching han [(NH 3 ) 4 Co(OH) 2 Co(NH 3 ) 4 ] 4+ va a phurc cacbonyl (hinh 1.14). 


Br >i /r V; Br 

Br^ \ / Br 
Br 


a) 


C \ / C \ / C ° 

Pt Pt 

o/ V \l H ’ N 


b) 


H 3 N 


nh 3 nh 3 

I HI 


I ' 
^Co 

V 


-Co' 


,,-'NH 3 


NHi 


O 1 

H 


NH, 


NH. 


c) 


Hinh 1.14. a- Ca'u true tti dien chung canh, Al 2 Br 6 : 
b- Ca'u true vuong phang chung canh, Pt 2 Cl 4 (CO) 2 ; 
c- Ca'u true bat dien chung canh, [(NH 3 ) 4 Co(OH) 2 Co(NH,) 4 ] 4+ . 


Ca'u true chung day ft gap han nhi£u, ching han a ion phurc [Cu 2 I 5 ] 3 ', ba nguyen 
tu I lam thanh mot tarn giac cau noi giua hai nguyen tu Cu tao ra hai tu dien chung 
day. Ion phuc [Sb 2 I 9 ] 3 ' dugc ca'u tao tCr hai bat dien chung nhau mot mat tao bai ba 
nguyen tu I, tarn m6i bat dien la mot nguyen tu Sb. 
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Loai phirc da nhan g6m nhiSu mat xfch lap lai gidng nhau nhu polime duoc goi 
la phuc chat polime. Chung dupe di£u che tir cac phdi tu ma hai dau deu co kha nang 
tao phuc b6n nhu nhau. Thf du nhu d s a d6 l.IV. 


Me Me 

f—o. o=c / 

// \ / \ 

n HC Be .CH 

\ _ / \ '/ 

C—O 0—C \ 

Me 


o=c 




Me 


Me 


\ 


\ 


n 


✓ 


C-(CH 2 ) n - 


0=C 


N 


Me 


Me 


// 

\ 


C=0 


c=o 


Me 


/ 


Me 


Me, 


-h° x o-c c o N /0 = 

A // c “' ai!, ' _< \ A 

=l=o o— r c=o o-f- 

\ / 

Me Me 

J n 


Me 


\ 


+ 2n H 2 C, 


/ 

\ 


c=o 


Me 


/ 


c=o 


l.IV 


Phurc Chat cua Cu(II) vdi bis-a-thiopicolilamit vdi phan tu khdi tdi 15.000 cung 
da duoc difeu che (1 .V). 



Phurc mau khong tan cua cac kim loai vdi hop chat polihydroxy con ft duoc 
nghien cuu cung co ca'u tao polime, vf du phirc chat cua Be(II) (l.VI). 



Loai phirc chat co khoi lupng phan tu Ion dupe t6ng hop tir phdi tu la polime 
dupe goi la phirc chat phoi tu polime. D6 co cac phurc chat loai nay, trude het phai 
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didu chd ra cac phP'i tCr la polime ma a m6i mat xfch ddu co mot nhom co nhirng 
nguyen t£r cho thich hap vdi muc dfch tao phuc. Thi du didu che phoi tu polime dan 
xuat polistiren nhir sau: 



V6i LX la PhLi, C 5 H 5 Na, R 2 NH, ... Cac phoi tu polime loai 1 .VII da dupe dung 
dd didu che cac phuc chat xuc tac cua rodi tren ndn polime l.VIIa, l.VIIb. Phuc 
polivinylpheroxen (l.VIIc) cung da dupe didu che 



Cl Cl 

l.VIIa l.VIIb l.VIIc 

1.2.3. Phuc chat chum 


6 cac phurc chat da nhan thong thuang, hai nguyen tu trung tarn khong lien ket 
true tiep voi nhau ma qua mot hoac nhidu phoi tu cau noi (muc 1.2.2). Cau true va 
tinh chat cua phurc chat da nhan loai nay khong khac biet nhidu so voi cac phurc chat 
dan nhan hop thanh chung, va cung dd hieu theo quan diem cua thuyet Vecne. Vao 
giua the' ki XIX, co mot vai hop chat chura lien ket kim loai - kim loai da dupe biet 
den nhumg chung la “khong the hidu dupe” theo quan niem cua Vecne va nhirng 
ngudi cung thai. Phai mai tdi nhung nam 1930-1940, nhung ket qua nghien curu tinh 
the bang tia X cho tha'y co lien ket true tie'p kim loai - kim loai thi cac phuc chat da 
nhan nhu W 2 C1 6 6+ , Mo 6 C1 8 4+ m6i dupe cong nhan, ngay nay, ngudi ta goi chung la 
phife chat chum (cluster, cage). 

Cau true va tinh chat cua phuc chum da nhan co nhidu net khac biet do lien ket 
kim loai - kim loai gay nen. 6 cac phuc chum, cac nguyen tu kim loai lien ket true 
tiep vdi nhau (bing cac lien ket dan hoac boi) tao thanh cac da dien, goi la chum 
(hay I6ng) kim loai (metal cluster or cage). M6i nguyen tu kim loai dupe coi la mot 
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nguyen tu trung tarn dong thdi no lai chiem mdt vi trf phoi tri cua nguyen tu kim loai 
khac, tire chiem mot dinh 6 hinh phdi tri cua nguyen tu kim loai kifin k£t vdi no. Loai 
phurc chum hien nay dugc chu trong vi no khong con la nhung trudng hop rieng cho 
mot vai kim loai hoac mdt vai phdi tu, ma co 6 h^u het kim loai chuyfin ti6p voi 
nhieu loai phoi tu nhu cacbonyl (CO), anion cacbonylat, cacbonyl halogenua, 
isoxianua, photphin va nhieu phoi tu huu co. Dudi day la m6t s6 trubmg hop tieu bifiu. 

Phurc chat chum 2 nhan, la loai phufc chat hai nhan ma hai nguySn tu kim loai 
lien ket true tiep voi nhau. Bang chufng ve lien ket kim loai - kim loai nay co dugc 
nhb phuong phap nhilu xa tia X vao nhung nam 1930 - 1940. Chang han, nam 1938. 
da xac dinh dugc ca'u true cua phirc [Fe 2 (CO) 9 ], 6 do, khoang each Fe - Fe la 2.5A 
(250 pm) (chu y rang, ban kinh nguyen tu cua Fe la 126 pm). Sau do la m6t s6 phurc 
loai M 2 (CO) 8 . Chung co ca'u true nhu 6 hinh 1.15. 




CO 


a) 

Hinh 1.15. Ca'u true cua phirc Fe 2 (CO) 9 va M 2 (CO) 8 (M = Mn, Tc, Re). 

Phurc chat chum 3 nhan tieu bieu la phuc M 3 (CO), 2 vdi M 3 = Fe 3 , Ru 3 , Os 3 , 
FeRu 2 , Fe 2 Os. Chung co ca'u true kieu nhu d hinh 1.16.a. Trir Fe 3 (CO) 12 co ca'u true 
ma trong do co 2 CO dong vai tro 2 cau noi giura 2 nguyen tu Fe da lien ket true tiep 
vdi nhau (hinh 1.16.b) 

m * 

OC 




a) 

Hinh 1.16. Ca'u true cua phurc M 3 (CO) 12 trong do M = Ru, Os (a) va Fe 3 (CO), 2 (b). 

Phurc chat chum 4 nhan co kha nhieu, chang han nhu Ir 4 (CO) l2 , Co 4 (CO) I2 . 
Rh 4 (CO) 12 , [n s -C s H,Fe(CO)] 4 + , [Fe 4 (CO) 13 ] 2 ', [Re 4 (CO) 12 H 4 ], ... 6 cac phirc nay, bon 
nguyen tir kim loai lien ket vdi nhau tao thanh khdi tu didn, con cac phd'i tir thi co the 


32 











lien ke't theo ki£u binh thudng hoac ki£u ciu ntfi giCra hai nguyen tu kim loai (hinh 
1.17.) 



Hinh 1.17. Ca'u true cua phtic chat Ir 4 (CO) 12 (a) va M 4 (CO) I2 ( M = Co, Rh) (b). 


Phiirc chat chum 5 nhan tuong d6i ft gap, chung co ca'u true ki£u c\op kep tam 
giac nhu Os 5 (CO) 16 , Ni 5 (CO) 12 , Ni 3 Mo 2 (CO) 13 hoac ki£u chop vubng nhu Fe 3 S 2 (CO) y . 

Phiirc chat chum 6 nhan ca'u true ki£u bat di6n la loai phire kha ph6 bi£n doi 
voi cac kim loai chuy£n tiep. Cac phire cacbonyl co Rh 6 (CO) 16 , [Co 6 (CO), 4 ] 4 ', ... 
cac phtic halogenua co [M 6 X g ] n+ va [M 6 X 12 ] n+ vdi M = Nb, Ta, Mo, W va Re. Thf du 
[MOftQg] 44 , iNb A Q, 2 ] : . Cau true cua chung duoc chi ra a hinh 1.18.a va b. [4a, 4b). 



Hinh 1.18. Cau true cua phire [M 6 X 8 ] n+ (a), cua phire [M 6 X, 2 ] n+ (b). 


Phire chum 6 nhan ki£u d6'i lang tru tam giac gap a [Ni 6 (CO) 12 ] 2 ‘. 

Phiirc chat chum 7 nhan rat ft gap, thf du Os 7 (CO) 21 co ca'u true trong do 7 
nguyen tu Os li6n k£t vdi nhau va m6i nguyen tu Os lien ket voi ba phan tu CO. 

Phiirc chat chum 8 nhan co the co ca'u true lap phuong nhu [Cu^SjCCfCN)^]. 
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a do, m6i nguydn tu Cu chidm mdt dinh cua lap phucrng. Chum 8 nguydn tu kirn loai 
cung co the gap d ca'u true bat didn (6 nguydn tu kim loai) vdi hai nguydn tu kim loai 
phu them (nguydn tu mu, xem muc 1.2.4). 

& cac phuc chum da nhan con co th£ co cac nguydn tu phi kim goi la dj nguydn 
tir. Chung khong chi don thu£n dong vai tro la phdi tu ma co khi con la mOt phan 
khung cua chum hoac bi boc ben trong chum kim loai. 

Nhung nguydn td bi boc co thd la hidro nhu d [HCo 6 (CO),«i]', phdtpho nhu 6 
[Rh 9 P(CO) 22 ] 2 , asen nhu d [Rh 1() As(CO) 22 ] 3 ', luu huynh d [Rh, 7 S 2 (CO) 32 ] . Ph6 bidn 
nhat la nito va cacbon, chung duoc goi la phurc chum chua cacbua va phuc chum 
chura nitrua. 

Phurc chat chum chtra cacbua da biet ddi vdi cac kim loai nhu sat, ruteni, 
osmi, coban, rodi, niken va reni. M6t vai trudng hop co tdi hai kim loai trong chum, 
thi du [RhFe 4 C(CO) I4 ]‘. Cacbon thudng b| bao boc d dang mdt nguydn tu rieng re, 
khi do no duoc coi nhu dong gop 4 electron vao t6ng electron cua khung, tuy nhien, 
co mdt vai trudng hop no lai bi bao boc d dang Q vdi do dai lidn ket C - C bang 162 
pm d [Co,,C 2 (CO) I2 ] v ; bang 148 pm d [Rh^QCCO)^]. Vide phan bidt C bi boc va C 
d sudn cua chum doi khi cung khdng phai la ro rdt. Ca'u true mdt vai phtic chum chua 
cacbua duoc trlnh bay d hinh 1.19. 





Hinh 1.19. a) Fe 5 C(CO) 15 b) Ru 6 C(CO) 17 c) Fe 4 C(CO) 17 

Phurc chat chum chura nitrua co nhung diem tuong tu vd cau true vdi phuc 
chum chura cacbua. Vi N co nhidu hon C mot electron nen khi thay the' C thanh N thi 
sd phoi tu CO thudng giam di mdt. Thi du, hay so sanh cac cap phurc chat sau: 
Ru 6 C(CO), 7 va [Ru 6 N(CO) 16 ] ; Fe 4 C(CO) 13 va [Fe 4 N(CO) 12 ]“. Ca'u true cua mot vai 
phuc chum chua nitrua duoc trinh bay d hinh 1.20. 
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b) c) 

Hinh 1.20. Cau true cua cac phuc a) [Ru 6 N(CO), 6 ]'; b) [Ru 5 N(CO) 14 ]'; c) Fe 4 N(CO), 2 ] 


Phurc chat chum boc hidro cung da dupe nghidn ciru, tieu bieu la phuc 
[HCo 6 (CO) )5 ]', ma kdt qua nghidn curu nhidu xa natron cho thay nguyen tir H dupe 
boc d t&m cua bat dien gom sau nguyen tu Co, khoang each Co - H do dupe la 180 
pm, [4b]. O cac phurc chum [Rh 13 (CO) 24 H 5 . I1 ] n ' (n = 2 va 3) co mpt trong cac nguyer 
tu H dupe boc trong chum kim loai. Ph6 ‘HNMR cho tha'y nguyen tu do tuong tac 
vdi ca 13 nguyen tu Rh ( 10, Rh co spin bang 1/2) tuc la no dich chuyen dupe ben 
trong chum Rh,,. 


1.2.4. Phurc chat chum kim loai va hat nano 


Hoa hoc truydn thong nghien curu nguyen tu va phan tu, chung thuemg co kich 
thude nho hon nanomet (nm). Con hoa hoc nano, nghien curu vat chat dudi dang cac 
cau true nano, co kich thude tir 1 nm den 100 nm. Khi dat den pham vi kich thude 
nano nay, nhung tinh chat vat ly va hoa hoc da bid'n ddi mot each khac la. Ngudi ta 
da chumg minh rang, cac tinh chat tur, quang, nhiet dung, hoat tinh be mat,... phu 
thuoc vao kich thude cua hat nano. Viec nghien curu trong linh vuc khoa hoc nano 
khong nhung hura hen mang lai nhung hie’u biet sau them ve vat ly ma con dan den 
nhung ung dung vd cung quan trong trong linh vuc vat lieu tur, vat lieu dien tir, ban 
dan, vat lieu sinh hoc, vat lieu xuc tac,... 


De’ phan loai cac dang nano, ngudi ta sir dung nhung thuat ngu sau: 

Chum (hay cum) (cluster) la mdt tap hop cac don vi (nguyen tir hoac phan tir) 
16n tdi khoang 50 don vi. Chum thudng dupe bao quanh bdi vo phd'i tir. 

Chat keo (colloid) la pha long On dinh, chua cac hat keo co kich thude trong 
pham vi 1 nm den 1000 nm. 

Hat nano (nanoparticles) la cac hat ran, kich thude trong pham vi 1 - 100 nm, 
co the’ la vd dinh hinh, la khd'i ket tu cac tinh the hoac la vi tinh the don. 


Vat lieu kich thude nano (nanoscale materials) la bat cu vat lieu ran nao co 
kich thude nanomet. No bao gdm hat nano ca ba chieu deu co kich thude nano; mang 
nano: hai chidu co kich thude nano va day nano: mot chieu co kich thude nano. 

Nanocompozite la vat lidu lai ca\i true nano trong mang cao phan tu 
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V&'n dp then chdt trong nghidn curu llnh vuc nano la tao ra vat lidu nano. Co hai 
phuong phap tao vat lidu nano: phuong phap chia nho vat lidu kich thudc Ion thanh 
vat lieu co kich thudc nano (goi la phuong phap trdn xudng, top-down) va phuong 
phap tap hcrp cac phan tu hay nguydn tir thanh nhQng hat co kich thudc nano (goi la 
phuong phap dudi len, bottom up) 

Trong cdng nghd nano hidn dai, phuong phap dudi Idn dupe ap dung ph6 bien 
va to ra co nhi6u uu di£m. Trong phuong phap nay, hoa hoc tdng hop vat lidu co thd 
se trd thanh mpt phuong thurc vd cung quan trong. 

6 muc trdn, khi nghidn ctiu cac phurc chum da nhan, ta tha'y rang chung co thd 
chira hang chuc nguydn tir kim loai lidn ket vdi nhau va vdi cac phd'i tu. Kich cd cua 
cac phurc chum da nhan do cung da dat tdi kich cd nano. Nhu vay, ro rang cd su giao 
nhau, su chuyln tid'p giQa llnh vuc phurc chum da nhan vdi cac ca'u true nano. 

Chinh vi vay rr t vide nghidn cuu cac phurc chum da nhan hidn nay la mot llnh 
vuc dang l aC t tri^n va hura hen. 6 muc 1.1.4 da gidi thieu mot so phurc chirm tir 
hai d£n sau nhan. Sau day se ndu nhung vi du vd cac phurc chum nhi6u nhan hon 
(high - nuclearity cluster). 

Phurc cacbonyl chum da nhan dau tidn Rh 6 (CO), 6 dupe xac dinh ca'u true vao 
nam 1963 bdi Corey, Dahl va Beck. Dein nay da cd rat nhidu phurc cacbonyl chua 
nhieu nguydn tur kim loai dupe nghidn curu. Ca'u true cua chung tuy rat da dang va 
phong phtJ nhung cd the phan thanh cac loai chinh sau: 

Loai da dien dong (closedd polyhedra) pho bi£n nha't la bat dien nhu [Os 6 (CO) lg ] 2+ , 
Rh 6 (CO) 16 , Ru 6 (CO) 18 H 2 . d cac phurc nay 6 nguydn tu kim loai lidn ket vdi nhau 
thanh mdt bat dien (xem muc 1.2.3). 

Cau true da dien “dpi mu” 

Nhieu phurc cacbonyl chum da nhan dupe ca'u true tir mot chum kim loai da 
didn trung tarn va mot vai nguydn tu kim loai phu them d phia ngoai ben trdn mot 
mat tarn giac cua khoi da dien trung tarn. Nguydn tu phu them do lien ket vdi ca ba 
hguyen tir cua mat tarn giac nhu “dpi mu” len chung. Vi the, nguyen tir phu them nay 
dupe goi la “nguydn tu mu” (capping atom). De hieu rd ca'u true “dpi mu” nay, hay 
xem cac vi du ve phde cacbonyl da nhan cua Os, hinh 1.21. 



Hinh 1.21. a- [Os 6 (CO), g ] 2 ' (phuc chirm bat dien), b- [Os 7 (CO) 2I ] (chum bat dien mot mu): 
c- [Os 8 (CO) 22 ] 2 ' (chirm bat dien hai mu), d- [Os 10 C(CO) 24 ] 2 ' (chum bat dien bon mu). 
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Phurc chat Pd 7 (CO) 7 (PMe 3 ) 7 thu6c loai ca'u true bat dien m6t mu, con phurc chat 
Pd l0 (CO) lg . n (PMe 3 ) n thi thubc loai bat dien bon mu. 


Ca'u true da dien boc 


Co nhirng truemg hop phurc chum da nhan dupe ca'u true tu nhirng chum kim 
loai da di£n bao boc la'y mpt nguyen tu kim loai 6 ben trong, thi du 6 cac phuc chat 
[Rh l4 (CO) 25 ] 4 ' va [Rh, 5 (CO) 27 ] v d6u co mpt nguyen tir Rh nam 6 tarn cua cac da dien 
tao boi cac nguyen tu rodi khac (hinh 1.22). 



Hinh 1.22. a- Chum da dien Rh I3 boc m6t nguyen tir Rh 6 phurc [Rh l4 (CO) 25 ] 4 
b- Chum da dien Rh 14 boc mot nguyen tir o phurc [Rh, 5 (CO) 27 ] 1_ . 


Ca'u true chong tam gidc thuemg gap d phurc chum Pt, Ni. Phurc [Pt 3 (CO) 6 ] n 2 ' 
(n = 2-5) co ca'u true c6t duoc tao nen boi cac don vi tam giac Pt 3 (CO) 6 , o do do dai 
Pt - Pt o chum Pt 3 la 265 pm, con giura hai ldp la 305 pm (hinh 1.23a). Phurc 
[Ni 9 Pt 3 (CO) 21 H] 3 ' cung co ca'u true chong tam giac nhu chi ra 6 hinh 1.23b. Chung 
d6u co tinh cha't xuc tac trong m6t s6 phan umg khir. 



Hinh 1.23. a- Ca'u true phurc chat [Pt 3 (CO) 6 ] 3 2 ; b- Su phan b6' 
cac nguyen tu Pt (•) va Ni (O) 6 phurc cha't [Ni 9 Pt 3 (CO) 21 H] 3_ 
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Cac cau true phtic tap khac 

Hien nay, cac ciu true phire tap hem, vdi so lupng nguyen tu kim loai nhieu hon 
ngay cang dupe nghien cum nhidu. Thf du: 

Cau true Chevrel la chung cho loai hop chat co edng thurc chung M.Mo. \. vdi 
M la Pb, Sn, Cu, Co, Fe; X co th6 la S, Se hoac Te. Chung duoc tim ra va xac dmh 
ca'u true bdi Roger Chevrel vao nam 1971. d ca'u true cua PbMo 6 S g cac nguyen tu Pb 
tao ra cac I6ng lap phuong, con cac chum Mo 6 S^ thi co cau true chum bat dien nhu da 
mo ta d hinh 1.18a. Cac chum Mo 6 S„ co lien ket vdi nhau do cac nguyen tu S cua chung. 

Phtic xianua chum da nhan: Cr 12 Ni 12 (CN) 4g va Cr| 4 Ni I3 (CN) 48 da dupe biet, 
chung co ca'u true chum lap phuong vdi bon nguyen tu kim loai mu va cac phdi tu 
CN d canh va d dinh. 


Platin la mdt trong nhung kim loai tao dupe cac chum Ion nhi't da dupe biet tdi. 
Chang han, cac phde chum cacbonyl anion [Pt 19 (CO) 22 ] 4 '; [Pt 26 (CO) 32 ] 3 va 
[Pt 3g (CO) 44 HJ 2 '. Tuy x chua dupe biet mdt each chinh xac nhung ngudi ta da biet 
dupe rang 6 phire chat nay co cau true lap phuong tao bdi cac nguyen tu Pt. 

Chum kim loai (metal cluster) paladi va platin bao g6m Pt 55 , Pt 309 , Pd, 6 , ... dupe 
bao quanh bdi cac phdi td nhu PPh 3 , phen, dipy, 0 2 , Cl, vdi c^u ngoai la OAc , PF 6 
da dupe phat hien. 

Chum Pd khdng 16 co edng thde Pdj^Cphen^Xn, (X = OAc, PF 6 ) bi6u hien 
hoat tinh xuc tac cao trong pha long cho cac phan umg oxi hoa, oxi hoa - este hoa 
anken, ankylaren, oxi hoa CO va ancol, oxi hoa - cacbonyl hoa phenol, ... 


Cac chum Pt n the hien hieu umg xuc tac doi vdi phan ung khu bo clo cua din 
xuit policloroaren trong dieu kien em diu. 


Cac phiic chum va hat nano cua cac nguyen to dit hiem, hoac cac dit hiem 
tham nhap vdi cac kim loai khac nhu Au, Al, ... hien dang dupe chu trong nghien 
cuu do cac tmh chit huynh quang va tmh chit tu, cung nhu kha nang xuc tac dac biet 
cua chung. 


1.2.5. Lien ket kim loai - kim loai d phtre chum 

6 cac muc tren, chung ta da gap kha nhieu phuc chum trong do co cac lien ket 
kim loai - kim loai. Tuy nhien, chung ta chua xem xet kl tdi ban chit cua cac lien 
ket do. Hien nhien la lien»ket giua kim loai - kim loai d cac phuc chum khong con 
giong vdi lien ket trong tinh the kim loai nua. No co nhung di6m tucrng ddng va khac 
biet so vdi cac lien ket edng hoa tri thong thudng khac. Lien ket giua chung cung co 
the la lien ket don hoac lien ket bdi. 
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De nghifen curu ban chat lien ket kim loai - kim loai can phai phoi hap nhieu dfl 
kien thuc nghipm khac nhau, chu yeu la: 

1- Du kien ve nang luong lien ket 

Cung giPng nhu dpi vdi cac lien ket giua cac nguyen tir phi kim, nang luong 
lien ket kim loai - kim loai thay doi theo do boi cua chung. Thi du nang luong cua 
lien ket don Mn - Mn o Mn 2 (CO) 10 bang 160 kJ/mol, trong khi nang luong lien ket 
boi M =M bang khoang 400 - 600 kJ/mol. 

2- Do dai lien ket kim loai - kim loai 6 phirc chum giam so voi d kim loai 
nguyen chat va giam khi bac lien ket tang. 

Thi du khoang each Mo - Mo 6 kim loai molipden la 278 pm con o phirc chum la 
d (Mo - Mo) d (Mo = Mo) d (Mo = Mo) d (Mo = Mo) 
272 pm 242 pm 222 pm 210 pm 

3- Du kien ve pho dao dong 

Tan so dao dong hoa tri xac dinh dupe tir pho Raman rat co ich trong viec nhan 
ra lien ket boi kim loai - kim loai. Thi du: 

v (Cr=Cr) v (Mo=Mo) v (Re=Re) 

556 cm -1 420 cm -1 285 cm -1 

4- Cac du kien ve tinh cha't tir va pho cpng huong tir hat nhan, pho electron 
cung to ra ra't huu hieu trong nhieu truemg hop khac nhau (xem d muc sau). 

5- Ngoai ra, nhirng phan umg cpng vao lien ket boi hoac phan ung tach tao 
thanh lien ket boi kim loai - kim loai cung co y nghia. 

Bac cua lien ket kim loai - kim loai o phirc chum bien doi khac vdi binh 
thuong. 6 phirc chum ba nguyen tir kim loai, bac lien ket M - M co the bie'n doi tir 
2/3 den 2, ve mat ly thuye't, co the co cac kieu lien ke't nhu sau: 


M M M M 



l.vnia l.Vfflb l.vnic l.vnid l.vme 


Kieu l.VIIIe gap b phirc chat (C 5 H 5 )(CO) 2 Mn=Pb=Mn(CO) 2 (C 5 H 5 ). 

O cac phirc chat hai nhan chung canh, khong phai bao gio cung co lien ket kim 
loai - kim loai. Thi du b cac phirc l.IXa va l.IXb khong co lien ket true tiep M - M, 
trong khi 6 cac phirc l.IXc va l.IXd thi co lien ket don va doi tuong ung: 
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l.IXb 



l.IXc 



l.IXd 


6 cac phirc hai nhan bat dien chung canh lien ke't M - M co bate tir 1 d£n 3 do 
sir xen phu cua cac cap obitan d cua hai nguySn tu kim loai nhu a hinh 1.24. Ching 
han, a phirc l.IXc, co lien ke't (a 2 ), a phirc l.IXd co lien ke't d6i (a 2 n 2 ). Lieu co lien 
ke't ba trong truemg hop hai bat dien chung canh hay khong, do la van d6 c£n tie'p tuc 
nghien curu. 



Hinh 1.24. a- Su xen phu cac obitan d cua hai nguyen tu kim loai 
6 ca'u true hai bat dien chung canh; b- So do cac mire nang lurnig. 

6 cac phirc chum hai nhambat dien chung mat [W 2 C1 9 ] 3 ' (l.Xa) ngucri ta phat 
hien duoc lien ket ba W=W, con 6 cac phirc l.Xb tha'y co lien k£t d6i M=M 
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l.Xc 


6 cac phirc chum lang tru tu giac lien ket kim loai - kim loai co the len tdi lien 
ket bon. Nhung thi du dau tien la [Re 2 G 8 ] 2_ va [Mo 2 C1 8 ] 2_ , chung co c&'u true nhu (1 .Xc). 

De tim hieu cac lien ket co the d loai c&'u true nay hay xem xet 5 kha nang xen 
phu cac obitan d cua 2 nguyen tu kim loai nhu chi ra d hinh 1.25. Vi d phirc chum, 
cac phoi tu cung lam bien doi cac muc nang luong cua nguyen tu kim loai trung tarn, 
do do anh hudng den su tao lien ket boi giQa chung. Chang han, d phuc chum loai 


M 2 L 6 co lien ket ba M=M, d phuc chum loai M 2 L 8 co lien ket bon (M=M) manh, con 
d M 2 L 8 X 2 thi lien ket bon bi yeu di (hinh 1.26.). Trong trudng hop ma mdi nguyen tu 


M dong gop bon electron 7t thi lien ket bon M=M co c&'u hinh electron la g 2 ti 4 8 2 . 


CIO 

do —- 


dz 2 


— 


CM 

* * ^ 

dyz 

4 

dxz 

rf 

k) 

$ - 

dxy 
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dx 2 -y 2 






y 


0 
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Hinh 1.25. 

Su xen phu giua 
cac obitan d cua 
hai nguyen tu 
kim loai d chum 
kim loai M 2 . 


41 



















MLa* 

MMa* 

MMtt* 


MM7t 

MMa 

MLa 




a* 




71* 

— 



8* 

, . - 




x x 



/' / 

n 

\ 

■ 


a 

■■••• — 


MXa* 


MLa* 

MMa* 

MMn* 

MM8* 

MM8 

MMn 

MMa 

MLa 


MXa 


M2L5 M2 M 2 L 8 ^2LgX2 

Hinh 1.26. Gian do nang lupng ling v6i su xen phu cac obitan d a 
chum kim loai M 2 khi lien ket v6i phoi tu tao thanh lien ket ba a 
M 2 L 6 , lien ket bon manh a M 2 L g va yPu a M 2 L g X 2 . 

Lien ket bon dupe phat hien d^u tien vao nam 1964 6 [Re 2 Cl g ] 2 '. Sau do da co 
hang tram trubng hop khac dupe tlm thay o cac nguyen to nhu Cr, Mo, W, Tc va Re. 

Cac nghien ciru ve ly thuyet va ve ph6 cho tha'y, ve ca ban thi lien ket bon dupe 
hinh thanh nhu da trinh bay a hinh 1.25 va 1.26. Tuy nhien, vai tro cua lien ket a 
trong do co the la kem quan trong hefn so v6i su suy tlnh trude kia. Con vai tro cua 
cac hop ph&n n va 6 thi co su dong thuan giQa ly thuyet va thuc nghiem. Tuctng tac 8 
trong lien ket bon la dang chu y. Ca obitan 8 (lien ket) va 8* (phan li6n ket) d6u yeu, 
nen su khac nhau giua chung la nho. 

Dac trung nhat ve quang ph8 doi vdi lien ket bon la su xuat hien mpt van ha'p 
thu a vung kha kien do su kich thich mpt electron tCr trang thai ca ban a a 2 7i 4 8 2 d6 tao 
ra trang thai kich thich singlet a a 2 Tt 4 88’. Tuy chuyen mdc nay la tuang doi yeu 
nhung no van du de gay ra mau sac cho tieu phan xem xet. Mau xanh dac trung cua 
[Rh 2 Cl g ] > , mau do sim cua [MojClg] 4 " va mau vang cua [Mo 2 (O 2 CCH0 4 ] chlnh la do 
chuyen muc 8 -> 8* a 700, 525 va 435 nm tuang ung. 

Bai vi lien ket 8 la yeu nen su ma't hoac them mpt electron vao obitan 8 va 8* 
chi anh huang nho den do ben cua lien ket M - M. Chang han, a thi du sau, su bien 
d8i do dai lien ket la nho han va khong tuang umg vdi su bien d8i bac lien ket: 
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Phuc chat 

Cau hinh electron 

Bac lien kfit 

Do dai M - M 

[Re 2 Cl 4 (PMe 2 Ph)J 

ctV8 2 8* 2 

3 

224,1 pm 

[Re 2 Cl 4 (PMe 2 Ph) 4 ] + 

CT 2 7t 4 8 2 8*‘ 

3,5 

221,8 pm 

[Re 2 Cl 4 (PMe 2 Ph) 4 ] 2+ 

CT 2 7t 4 8 2 8*° 

4 

221,5 pm 


Dieu do la do anh hucrng cua su thay ddi dien tfch hieu dung 6 nguyen tu kim 
loai xay ra song song v6i sir thay d6i so luong electron. 

Su bien d6i bac lien kSt kim loai — kim loai 6 cac phuc chum lang tru tu giac 
duoc trinh bay a hinh 1.27. 



ML jiL ML _Mi 


_1L _0_ ' ' _il_ _ii_ <r 

3,0 3,5 4,0 3,5 3,0 

Hinh 1.27. Su bien doi bac lidn ket cr chum kim loai M 2 
khi so electron dien vao obitan 8 va 8* thay doi. 


Ngucri ta da tim duoc nhieu phiic chat ung v6i cac bac lidn ket ghi tren hinh 
1.27. Chang han [Mo 2 (HP0 4 ) 4 ] 2 ' umg v6i ca'u hinh a 2 7t 4 (bac 3) [Mo 2 (S0 4 ) 4 ] 3 ' ung v6i 
ca'u hinh ctV 8' (bac 3,5), cac phuc [Re 2 Cl 4 (PMe 2 Ph) 4 ] va [Re 2 Cl 4 (PMe 2 Ph) 4 ] + nhu 
neu o tren cung co bac 3 va 3,5 nhung lai la giau electron (ben phai cua hinh 1.27). 
Cac lien ket M - M giau electron a cac nguyen to khac nhu Os, Ru, Rh va Pt ducrc 
liet ke cr bang 1.5. 
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Bang 1.5. Mot so hop chSit chura lidn k6t M—M giau electron 
(trong c6ng thirc chi ghi ro 1 ph6i tu c£u n<5i, con cac phtfi tu khac thi vie't tucmg tnmg) 


Hop chat 

Ca'u hlnh 
electron 

B$c lien k£t 

DO dai lidn k£t 
(pm) 


( 

0: 

:i ci ’ 

,- a i/ a 

-Os 

a 'a . 

2- 

oV8 2 8* 2 

3,0 

218.2 


( 

cl— R 

T 0 

P 1 P 

i—-Ru—Cl 

o'l 

} 0 


o 2 7t 4 8 2 8* V j 

2,5 

226,7 


Et 

1 

0^ C ^0 

1 / 1 / 

Me?CO — Ru-Ru — OCMej 

o'l _ 0 'l 

0 0 J 

oWS'V 2 

2,0 

226,0 


Me 

1 

o^ C ^o 

!'° l/° 

H 2 0 Rh Rh OH 2 

o'l o 4 \ 

0 o 

+ 

aV8 2 8*V 3 

1,5 

231,1 

p 

Phis"" "" MPh 

1 7 |7 

Rh Rh' 

N 'l A 

N N 

a 2 7t 4 8 2 8* 2 7t* 4 

1,0 

• 

238,9 

0 0 

i/° i.-° 

H 2 0 Pt Pt OH, 

o'l o'l 

0 0 

aV8 2 8*V 4 

1,0 

246,1 
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1.3. PHtfl TCr[la, 4, 6,10] 


1.3.1. Phdi tur v& nguyen tu cho 


Bat ki tieu phan nao c6 the cho it nha't mdt cap electron dgu c6 th£ dong vai tro 
la ph6i tu. Nhu vay, phdi tu la cac baza Liuyt, va la cac chat nucleophin (nucleophile) 
nhu van thucmg goi trong hoa huu co. Cac ion kim loai la cac axit Liuyt hoac cac 
chat electrophin (electrophile). 

Thong thucmg thi cac phoi tu la cac anion hoac nguyen tu trung hoa. Khi tao 
phurc thi mdt hoac mdt vai nguyen tu cua phoi tu cho cap electron tao lien ket vdi 
cation kim loai. Nhung nguyen tu do ducrc goi la nguyen tu cho. Nguyen tu cho 
thucmg la phi kim (hinh 1.28a). 


H 


B C 

N 

O 

F 

Si 

P 

S 

Cl 


As 

Se 

Br 



Te 

I 


(a) 




H H 

♦I I „ 

H—N-N—► Zn 

I I 

H H 

(b) 


Hinh 1.28. a- Cac nguyen tu cho; b- Phoi tu la cation. 

Trong trudng hop phurc chum da nhan (muc 1.2.3) ngudi ta cung co the xem 
cac nguyen tu kim loai vita la nguyen tu trung tarn, lai vita la nguyen tu cho vi chung 
lien ket true tiep vdi nhau va chiem cac dinh cua hinh phoi tri cua nhau. Phdi tu la 
cation thucmg rat hiem gap beri vi khi chung lai g£n ion kim loai se bat loi v6 mat 
nang luemg. Trong trudng hop nay, dien tich duemg cua phoi tu khong 6 nguyen tu 
cho ma phai a xa ion trung tarn (hinh 1.28b). 

Cac halogen dong vai tro la nguyen tu cho hau nhu chi khi chung a dang ion 
halogenua hoac polihalogenua (F _ , Cl - , Br _ , I - , I 3 - ...). Cac phi kim khac thi co th6 o 
cac dang trung hoa, hoac mang dien tich am. Thi du, O co the dong vai tro nguyen tu 
cho trong rat nhi6u tieu phan khac nhau: 0 2 , H 2 0, R-OH, RCOR, C,H,N—>0, HO", 
RO", ArO~, RCOO", 0 2 2- , ... Tuy nhien gan day da co nhilu cong trinh chung to 
rang cac dan xua't halogen nhu CH 2 C1 2 , CH 3 I, o-C 6 H 4 C1 2 ... co kha nang tao phuc vdi 
mot so kim loai qua nguyen tu halogen. Nguori ta goi chung la cac phoi tu halocacbon. 

Khi tong herp phurc chat can chu y tori ai luc cua nguyen tu cho vai nguyen tu 
trung tarn. Theo quy tac axit - baza cumg va mem (quy tac ABCM, muc 1.1.3) ta co 
the phan cac nguyen tu cho thanh loai cung nhu F, O, Cl, N, loai m6m nhu S, I, CN“, 
R~, H“, P, As, >C=C<, C 6 H 6 , ... Cac nguyen tu cho loai cung thi co ai luc manh hon 
doi vdi cac nguyen tu trung tarn loai cung, cac nguyen tu cho loai mlm thi co ai luc 
hon doi vdi nguyen tu trung tarn loai mlm (xem bang 1.3). 
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Dung luong phoi tri (denticity) cua phoi tu 

Lien ket a giCra cac nguyen tu trung tam va phdi tCr la lien kdt cho nhan: phdi tir 
cho cap electron con nguyen tu trung tarn thi nhan cap electron. Sd cap electron ma 
mot phdi tu cho nguyen tu trung tarn duoc goi la dung luong phdi tri (denticity). Phoi 
tu cho nguyen tu trung tarn mdt cap electron duoc goi la phdi tu dung luong mdt 
(monodentate), cho nguyen tu trung tam 2 cap electron duoc goi la phdi tu dung 
luong 2 (didentate).... 


Cac phdi tu dung luong mdt thi chi co the lien kdt vdi mdt nguyen tu trung tam 
nhung cac phdi tu dung luong Ion hon mdt thi co thd lien kdt vdi mdt hoac nhidu 
nguyen tu trung tam. Mdt phdi tu ddng thdi lien kdt voi nhidu nguyen tu trung tam 
goi la phdi tit cdu noi. Nhu vay, phdi tu cdu ndi cho nhidu cap electron tdi nhidu 
nguyen tu trung tam. Cac cap electron do co thd thudc cac nguyen tu cho khac nhau 
nhu etilendiamin 6 cong thuc l.XIa. hoac thudc cimg mdt nguyen tu cho nhu Cl 6 
cong thuc l.XIb. 



Cb 

Cl* 


.AT 


.-Cl. 

^C1 V 

l.XIb 


;-ai; 


.-Cl 


MeSFe- 
s--FeSH 


r Cl 


MeSFe 




l.XIa 


l.XIc 


6 cong thuc l.XIa amoniac la phdi tu dung luong mot, etilendiamin la phdi tu 
dung luong hai. O cong thtic l.XIb co bdn nguyen tu clo vdi dung luong mot va hai 
nguyen tu clo la phdi tu dung luong hai. O cong thdc l.XIc bdn nguyen tu S chiem 
bon dinh cua hinh lap phuong la thudc loai phdi tu dung luong ba. 

Trong cong thuc cau tao va ten goi cua phuc chat, ngudi ta dat kf hieu p- trudc 
ten cua phdi tu c^u ndi de phan biet vdi phdi tu thong thudng. Thi du phdc l.XIa 
duoc ghi bdi cong thdc ca'u tao la [{Co(NH 3 ) 5 } 2 (p-en)]Cl 6 va goi la p-etilendiamin - 
bis(pentaammincoban (III)) hexaclorua. Phtic chat l.XIb viet la [(AlCl 2 ) 2 (p-Cl) 2 ] doc 
la di-p-cloro-bis(dicloro nhom). 

6 phdc chat 1 .XIc va nhung phdc ma mot phdi tu lam c£u ndi vdi ba hoac bdn 
nguyen tu trung tam, ngudi ta dung ki hieu p 3 -, p 4 - de chi chung. Nhung phdi tu loai 
nay doi khi con duoc goi la phdi tu mu (capped), vi no chup len mot tam giac gdm ba 
nguyen tu trung tam hop thanh. Chang han, d phdc l.XIc nguyen tu S la phdi tu mu, 
no chup len tam giac gdm ba nguyen tu Fe hop thanh. Kieu ca'u true “chup”-len mot 
mat cua hinh phdi tri thudng duoc goi la kieu “ doi mu” (capped) (xem them d muc 
1.2.4). 

6 cac phdi tu cdu ndi va phdi tu mu mot nguyen tu cho, ta tha'y dung luong 
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ph6i tri cua phoi tu 16n hon s6 nguyen tu cho, ching han MeS a phuc l.Xlc la phoi 
tu dung luong 3 ma chi co 1 nguyen tu cho. Lieu co trucrng hop ma dung luong phoi 
tri nho hon s<5 nguyen tu cho hay kh6ng? Hay xet hai phurc chat duoi day: 



l.XIIa l.XIIb 

6 phirc l.XIIa, etilen cho cap electron n d£ tao lien ket ct vdi Pt. Vay no the 
hien dung luong phoi tri mot, giP'ng nhu Cl va NH 3 , no chiem mot ch6 phoi tri (dinh 
cua hinh ph6'i tri) cua platin. 6 day ro rang ca hai nguyen tu C deu la nguyen tu cho 
va ca hai nguyen tu C deu lien ket vdi Pt nhung chi the hien dung luong phoi tri mot. 
Phoi tu etilen trong trucrng hop nay dupe goi la phoi ti(loai rf (viet la r| 2 -C 2 H 4 ). 

6 phirc l.XIIb, ve hinh thurc co th6 coi m6i lien ket d6i cr benzen cho Cr mot 
cap electron n. Vay benzen the hien dung luong phoi tri ba con Cr co so phoi tri sau. 
Vi ca sau nguyen tu C cua vong benzen moi cho dupe ba cap electron nen benzen 
dupe goi la phoi tu loai r| 6 va dupe ki hieu la r| f -C 6 H 6 . 


1.3.2. Phoi tu khep vong (chelating ligand) 


Khi tao phuc, neu hai nguyen tu cho cua ciing mot phoi tu cho nguyen tu trung 
tarn hai cap electron de tao ra 2 lien ket o thi phoi tu va nguyen tu trung tarn se tao 
ra m^l_ vong Jon. Ngucri ta goi do la su phoi tri vdng hoa (chelation) va phoi tu do 
dupe goi la phoi tut khep vdng (chelating ligand). Tiiy theo so lupng nguyen tu cho va 
dac diPm cau tao ma phoi tu co thP tao vdi nguyen tu trung tarn mot vong hoac nhieu 
vong, thi du: 


CL 


Cl' 


H 2 

,N— 


.Pt 


\ 


N" 

h 2 


R R 

\ / 

C=N O—C 

'CH 2 / \ / ^ 

i H S A / CH 

'CH-. C—O N=C 

/ \ 

R R 


-CHt 

\ 


h 2 c- 

NH^ch 

i x i • 

HC - Nil. H.N- r " 


Cl, 


Hieu utng phoi tri vdng (chelate effect) 


Hieu ung phP'i tri vong la su tang gap boi do ben c iia phirc khep vong so voi 
phurc khPng vong tuomg tu. Thi du: 

Ni 2+ (iq) + 6NH 3(iq) ^ [Ni(NH,) 6 ] 2+ lgK b = 8,61 

Ni 2 * ( , q) + 3en (iq) ^ [Ni(en) 3 ] 2+ lgK b = 18,28 
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Nhu vay phtic ba vong vdi etilendiamin H 2 NCH 2 CH 2 NH 2 (en) cua Ni 2 * Wn hem 
phtic amoniacat tircmg ting tdi 10'° l£n. 

6 25°C, ddi vdi hang loat cation M 2+ (Co, Ni, Cu, Zn, Cd), can bang sau day 
cung deu chuydn dich sang phai: 

[M(NH 3 ) 2 (H 2 0)J 2+ + en (iq) [M(en)(H 2 0) n ] 2+ (aq) + 2NH 3( aq) 

Nhu da bieft, hang so ben dupe quyet dinh bdi ca y£u td entanpy va entropy: 

AG° = -RTlnK 
AG° = AH° - TAS° 

Co nhi6u du kidn thuc nghiem chting to rang yeu td entropy dong vai tro chfnh 
trong vide lam giam AG° khi tao phtic khep vong. Nhu minh hoa trong thi du sau: 

Cd 2+ (aq) + 4CH 3 NH 2(aq) — [Cd(MeNH 2 ) 4 ] 2+ (aq) lgK b = 6,52 

Cd 2+ (aq) + 2H 2 NCH 2 CH 2 NH 2 (aql — [Cd(en) 2 ] 2+ (aq) lgK b = 10,60 



AH° (kJ/mol) 

AS° (J.mor'.K 1 ) 

TAS° (kJ.mol ') 

AG° (kJ/mol) 

4MeNH 2 

-57,3 

-67,3 

20,0 

-37,2 

2en 

-56,5 

+ 14,1 

-4,2 

-60,7 


Hieu ting vdng Idn (Macrocyclic effect) 

Ngudi ta nhan tha'y rang nhung phoi tu co ca'u tao mach vdng va cd dung lupng 
phoi tri ldn goi tat la phoi t£r vong ldn tao phtic ben hon so vdi phoi tu mach hd. Thi 
du, phoi tur vdng ldn Lv (l.XIIIb) tao dupe vdi nguyen tir trung tarn bon vdng, trong 
khi do, ph£i tti khdng vdng L (l.XIIIa) chi tao dupe ba vdng. 



/—NH HN—v 


NH 2 h 2 n 
l.XIIIa 


(L) 



(Lv) 



IgK 

AH 0 (kJ/mol) 

AS° (J.mor'.K ') 

Zn (aq) + L (aq) > [ZnL] (aq) 

11,25 

-44,4 

61,9 

(aq) “*■ Lv (aq) —> [ZnLv] (aq) 

15,34 

-66,5 

85,8 


Nhu vay, ca y£u t<5 entanpy va yd'u to entropy ddu dong gop dang k i vao su dn 
dinh cua phtic vdi phoi tu vdng ldn. C£n chu y phan biet thuat ngu "phd'i tu khep 
vdng" vdi "phoi tic vdng ldn ca 2 phoi tir l.XIIIa va l.XIIIb d6u la ph<5i tu khep 
vong, nhung chi co l.XIIIb dupe goi la phoi tu vdng ldn. 
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Ngay n&y, nguPi ta da tSng hop ra nhilu phdi tu vong lorn c6 ca'u tao khac nhau 
nhu ete crao, criptan (xem muc 2.2.4) Nhidu hap chat co vai tro quan trong dd'i vdi 
su sd'ng la nhCrng phurc chat cua cac phd'i tijr vong Icm vdi ion kirn loai. Noi bat nhat la 
clorophin trong difep luc ttf (hinh 1.11), hem trong hemoglobin, vitamin B12,... (xem 
muc 2.2.4). 

Co m6t loai khang sinh mdi la “khang sinh mang ion” (ionophore antibiotic) do 
la cac phd'i tu vong 16n v6i nhieu nguySn tu cho. Chung tao phurc chat ben voi ion 
kim loai. Chang han nhu nonactin co ai lire vdi ion K + , tarn nguySn tur oxi cua no 
phd'i trf xung quanh K + nhu ban tay ndm gon mdt qua cau (hinh 1.29). 



Co le khang sinh erythromixin-A va amphoterixin-B (hinh 1.30) cung thuoc 
loai khang sinh mang ion. 



/firth 1.30. Cong thurc ca'u tao cua erythromixin-A va amphoterixin-B. 


1.3.3. Ki hieu va ten goi phoi tur 

Cong thurc cua c£u phd'i tri dupe vid't giua hai da'u ngoac vuong. Nguyen tu 
trung tarn dupe ghi diu tien, tiep theo den cac phd'i tu loai anion roi den cac phd'i tu 
loai trung hoa. Dd'i vdi cac phd'i tu don gian, ta thucmg viet cong thurc phan tu hoac 
cong thuc ca'u tao thu gon cua chung. Thi du: 

rra«5-[PtCl 2 (C 5 H 5 N)NH 3 ], cts- [PtCl 2 (MeNH 2 )(C 6 H 5 NH 2 )], [CaCl 2 (OC(NH 2 ) 2 } 2 ] 
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Doi vdi nhirng ph6'i tu phirc tap hoac d£ dan gian, nguoi ta thuong dung ki hieu 
viet tat. Theo quy dinh cua IUPAC, ten viet tat cua phd'i tu phai dung chu in thuong, 
vf du en (etilendiamin), py (pyridin), tru m6t s6 truong hop nhu Me, Et, Ph, ... 

Phoi ttr huu ca trong tong hap phirc chat duoc dung rat phong phu va nhieu khi 
co cau tao kha phirc tap. Bang 1.6 gidri thieu cac phoi tu huu ca thuong gap. ten va 
quy dinh viet tat chung theo quy tac IUPAC. De thay ro cau tao va cac nguyen tu cho 
trong phan ter, chung toi dua vao bang ca c6ng thirc ca'u tao cua cac phoi tu do. 


Bang 1.6. M6t so phoi tu huu ca va quy dinh viet tat theo IUPAC [1] 


Viet tat 

Tftn thdng thucmg (tieng Anh) 

Ten he thdng (tieng Anh) 

COng thirc cau tao 


Diketones 


Hacac 

Hhfa 

Hba 

Hfod 

Hfta 

Hdbm 

Hdpm 

acetylacetone 

2,4-pentanedione 

hexaflouroacetylacetone 

1,1,1,5,5,5-hexaflouropentane-2,4-dione 
benzoylacetone 

1 -phenylbutane-1,3-dione 
l,l,l,2,2,3,3-heptafluoro-7,7-dimethyl-4,6- 

octanedione 

6,6,7,7,8,8,8-heptafluoro-2,2-dimethyloctane-3,5- 

dione 

trifluoroacetylacetone 

1,1,1 -trifluoropentane-2,4-dione 
dibenzoylmethane 

1,3-diphenylpropane-1,3-dione 
dipivaloylmethane 

2,2,6,6-tetramethylheptane-3,5-dione 

CH 3 COCH 2 COCH 3 

cf 3 coch 2 cocf 3 

c 6 h 5 coch 2 coch 3 

CH 3 C(CH 3 ) 2 COCH 2 COCF 2 CF 2 CF 3 

cf 3 coch 2 coch 3 

c 6 h 5 coch 2 coc 6 h 5 

CH 3 C(CH 3 ) 2 COCH 2 COC(CH 3 ) 2 CH 1 


Amino alcohols 


Hea 

H,tea 

H 2 dea 

ethanolamine 

2-aminoethanol 

triethanolamine 

2,2',2"-nitrilotriethanol 

diethanolamine 

2,2'-iminodiethanol 

h 2 nch 2 ch 2 oh 

N(CH 2 CH 2 OH) 3 

HN(CH 2 CH 2 OH) 2 - 


Hydrocarbons 


cod 

cot 

cyclooctadiene 
cycloocta-1,5-diene 
cyclooctatetraene 
cycloocta-1,3,5,7-tetraene 

O 5 

O 


50 















Bang 1.6. ( tie'p theo) 


Vi£t tat 

Ten thbng thubng (ti£ng Anh) 

C6ng thurc c£u tao 


Ten he thb'ng (tieng Anh) 


Cp 

cyclopentadienyl 

cyclopentadienyl 

a 

Cy 

cyclohexyl 

cyclohexyl 

O’ C6H "“ 

Ac 

acetyl 

ch 3 -c- 

J II 


acetyl 

o 

Bu 

butyl 

CH r CH r CH r CH 2 - 

Bzl 

benzyl 

c 6 h 5 ch 2 - 

Et 

ethyl 

ch 3 -ch 2 - 

Me 

methyl 

ch 3 - 

nbd 

norbornadiene 



bicyclo[2,2,1 ]hepta-2,5-diene 

Ph 

phenyl 

C 6 H 5 - 

Pr 

propyl 

ch 3 -ch-ch 2 - 


Heterocycles 


py 

pyridine 

o 

thf 

tetrahydrofuran 

Co 

Hpz 

pyrazole 

O'H 


lH-pyrazole 


Him 

imidazole 

lH-imidazole 

N=\ 

terpy 

2,2',2"-terpyridine 

0°0 

picoline 

a-picoline 

2-methylpyridine 


isn 

isonicotinamide 

N^-CONH 2 


4-pyridinecarboxamide 

nia 

nicotinamide 

CONH, 


3 -pyr idinec arboxamide 


pip 

piperidine 

O 

lut 

lutidine 

rv 

HjC—CHi 


2,6-dimethylpyridine 

3 N 3 

Hbim 

benzimidazole 

CO 


lH-benzimidazole 

H 


Chelating and other ligands 


H 4 edta 

ethylenediaminetetraacetic acid 
(ethane-1,2-diyldinitrilo)tetraacetic acid 

HOOCCH^ /CH 2 COOH 

HOOCCHj'' NCHjCHiN '-CH j COOH 
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Bang 1.6. (tiep theo ) 


Vi£t tat 

Ten thbng thubng (ti£fng Anh) 

Cbng thurc c£u tao 


Ten he thdng (ti£ng Anh) 


H 5 dtpa 

N,N,N',N M ,N M -diethylenetriaminepentaacetic 

HOOCfHj fHjCOOH 

N-CHjCH r N-CH z CH r N 


[[(carboxymethyl)imino]bis(ethane-1,2- 

HOOCCHj CHjCOOH CHjCOOH 


diylnitrilo)]tetraacetic acid 

HOOCCH 2v 

HOOCCHr S ^ HlC0OM 

H,nta 

nitrilotriacetic acid 

H 3 cdta 

trans- 1,2-cyclohexanediaminetetraacetic acid 
tra/i5-(cyclohexane-1,2-diyldinitrilo)tetraacetic 

. |^‘""pN( CHjCOOH >3 

L s> ^^-‘N(CH 2 COOH) 2 


acid 


H 2 ida 

iminodiacetic acid 

hoocch 2 nhch 2 cooh 

dien 

diethylenetriamine 

h 2 nch 2 ch 2 nhch 2 ch 2 nh 2 


N-(2-aminoethyl)ethane-1,2-diamine 


en 

ethylenediamine 

h 2 nch 2 ch 2 nh 2 

pn 

propylenediamine 
propane-1,2-diamine 

H 2 NCH 2 CH(NH 2 )CH 3 

men 

N,N,N',N’-tetramethylethanediamine 
N,N,N’,N'-tetramethylethane-1,2-diamine 

(CH3) 2 NCH 2 CH 2 N(CH3)2 

tn 

trimethylenediamine 
propane-1,3-diamine 

h 2 nch 2 ch 2 ch 2 nh 2 

tren 

tris(2-aminoethyl)amine 

H 2 NCH 2 CH 2 N(CH 2 CH 2 NH 2 ) 2 


N,N-bis(2-aminoethyl)ethane-1,2-diamine 

% 

trien 

triethylenetetramine 

hnch 2 ch 2 nh 2 


N,N'-bis(2-aminoethyl)ethane-1,2-diamine 

hnch 2 ch 2 nh 2 

chxn 

1,2-diaminocyclohexan 
cyclohexane-1,2-diamine 

rY 1 *"' 

hmta 

hexamethylenetetramine 

rA 


1,3,5,7-tetraazatricyclo[[3,3,1,1 3-7 ]]decane 

N-l^-N 

Z--N — / 

Hthsc 

thiosemicarbazide 

H,N-C-NHNH, 

\\ 2 


hydrazinecarbothioamide 

s 

depe 

1,2-bis(diethylphosphino)ethane 
ethane-1,2-diylbis(diethylphosphine) 

(CH 3 CH 2 ) 2 PCH 2 CH 2 P(CH 2 CH 3 ) 2 

diars 

o-phenylenebis(dimethylarsine) 

(i^VakCH,), 


1,2-phenylenebis(dimethylarsine) 

1! ^-As<CHj) 2 

dppe 

1,2-bis(diphenylphosphino)ethane 

Ph 2 PCH 2 CH 2 PPh 2 


ethane-1,2-diylbis(diphenylphosphine) 


triphos 

[2-[(diphenylphosphino)methyl]-2- 

Ph 2 PCH 2 C(CH 3 )(CH 2 PPh 2 ) 2 


methylpropane-l,3-diyl]bis(diphenylphosphine) 


hmpa 

hexamethylphosphoric triamide 

(Me 2 N) 3 PO 

bpy 

2,2'-bipyridine 

CK> 
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Bang 1.6. ( tie'p theo) 


Vi 6t tit 

Tftn thdng thudmg (ti£ng Anh) 

Cdng thtic ciu tao 


Ten he thdng (tieng Anh) 


H 2 dmg 

dimethylglyoxime 

ch 3 -c=noh 


2,3-butanedione dioxime 

ch 3 -c=noh 

dmso 

dimethyl sulfoxide 
sulfinyldimethane 

(CH 3 ) 2 SO 

phen 

1,10-phenanthroline 

tfb 

tu 

thiourea 

(NH 2 ) 2 C=S 

HEt 2 dtc 

diethyldithiocarbamic acid 

HS-C-NEt 2 
li 2 


diethyldithiocarbamodithioic acid 

s 

H 2 mnt 

maleonitriledithiol 

NC-CC-CN 

i i 


2,3-dimercaptobut-2-enedinitrile 

HS SH 

tone 

tetracyanoethylene 

ethenetetracarbonitrile 

(NC) 2 C=C(CN>2 

dabco 

triethylenediamine 

Jb 


1,4-diazabicyclo[2,2,2]octane 

2,3,2-tet 

1,4,8.11-tetraazaundecane 

CH 2 (CH 2 NHCH 2 CH 2 NH 2 ) 2 


N,N'-bis(2-aminoethyl)propane-1,3-diamine 


3,3.3-tet 

1,5,9,13-tetraazatridecane 

CH 2 (CH 2 NHCH 2 CH 2 CH 2 NH 2 ) 2 


N,N'-bis(3-aminopropyl)propane-l,3-diamine 


ur 

urea 

h 2 n-co-nh 2 

dmf 

dimethylform amide 

H-Ct° 


N ,N-dime thy Iformamide 

NMe 2 


SchifT base 

* 

H 2 salen 

bis(salicylidene.)ethylenediamine 
2,2'-[ethane-l,2- diylbis 

CXr^TO 


(nitrilomethylidine)]diphenol 

• 

H 2 acacen 

bis(acetylacetone)ethylenediamine 

CHj-C-CH^-CHj H 3 C-(fj-CH r C f CH 3 

n vj vi n 


4,4’-(ethane-1,2-diyldinitrilo)bis(pentan-2-one) 

^ N-CrljLnj-N U 

H 2 salgly 

salicylideneglycine 

(j^ s >p-CH=NCHjCOOH 


N-[(2-hydroxyphenyl)methylene]glycine 


H 2 saltn 

bis(salicylidene)-1,3-diaminopropane 



2,2' - [ propane-1,3-diylbis(nitrilo- 


methylidyne)]diphenol 


H 2 saldien 

bis(salicylidene)diethylenetriamine 
2,2'-[iminobis(ethane-1,2-diylnitrilo- 

| rpY _CH= V NHCHjCHj N-HC-j^S 
\:A oh CH 2 CHj NHCHjCHj ^ 


methylidyne)]diphenol 


H 2 tsalen 

bis(2-mercaptobenzylidene)ethylenediamine 

2,2'-[ethane-l,2- 

diylbis(nitrilomethylidyne)ldibenzenethiol 

[j^S— CH-NCH 2 CHjN=HC— 
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Bang 1.6. (tiep theo) 


Viet tat 

Ten thOng thucmg (ti£ng Anh) 

Ten he thdng (tieng Anh) 

CPng thtic c£u tao 

18-crown-6 

Macrocycles 

1,4,7,10,13,16-hexaoxacyclooctadecane 

<S> 

Cx£3 

benzo-15- 

1,4,7,10,13,16-hexaoxacyclooctadecane 
2,3-benzo-1,4,7,10,13-pentaoxacyclopentadec-2-ene 

crown-5 

2,3,5,6,8,9,1 l,12-octahydro-l,4,7,10,13- 

cryptand 

benzopentaoxacyclopentadecine 

4,7,13,16,21,24-hexaoxa-l,10- 

N'^o'V-CTV'N 

222 

diazabicyclo[8,8,8]hexacosane 

cryptand 

4,7,13,18-tetraoxa-1,10-diazabicyclo[8,5,5]icosane 


211 

4,7,13,18-tetraoxa-l,10-diazabicyclo[8,5,5]icosane 


[12]ane 

1,4,7,10-tetrathiacyclododecane 

c s b 

s 4 

1,4,7,10-tetrathiacyclododecane 


Khi goi ten phtic chat, ten cua phdi tu dat tmdc ten cua nguyen tu trung tarn 
theo thur tu van chu cai khdng k£ den ten tien to chi s 6 lupng phoi tu (nhu di, tri, 
tetra, ... trir tru&ng hop chung la b6 phan trong ten cua phoi tu) xem vi du 1 va 2. 
Can chu y la co hai loai tien to chi s6 luong. Th6ng thucmg dung di, tri, ... khi co hai 
tien to chi so luong lien nhau thi dung bis, tris, ... nhu trong bang 1.7 va trong cac vi 
du 1 va 2. 


Bang 1.7. Tien to chi so luong 


So lupng 

Tien t6 

S6' lupng 

Tien to 

1 

Mono 

7 

Hepta (heptakis) 

2 

Di (bis) 

8 

Octa (octakis) 

3 

Tri (tris) 

9 

Nono (nonakis) 

4 

Tetra (tetrakis) 

10 

Deca (decakis) 

5 

Penta (pentakis) 

11 

Undeca (undecakis) 

6 

Hexa (hexakis) 

12 

Dodeca (dodecakis) 


Vi du: 

1. K 2 [Pt(NCS)I 3 ]: Kali triiodo(thioxianato)platinat(II) tri b day tien t6' chi so 
lucmg phd'i tu I - . 

2. Ca(I 3 ) 2 : Canxi bis(triiodua), tri b day la mot phan ten cua phoi tu [I 3 ]~ 
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T6n cua cac ph6i tir th6ng thuong duoc liet ke d bang 1.8. T£n cua cac phoi tu 
anion ddu co t$n cung la -o. Neu ten cua anion t$n cung la -it, -at thi doi thanh -ito, 
-ato, rieng doi vdi ion halogenua thi doi thanh halo. Khi nguyen tu H la phoi tu thi 
no duoc coi la anion va dugc goi la hidrido. Ten cua cac phoi tu trung hoa va cation 
thi kh6ng phai bien doi gi. H 2 0 va NH 3 khi la phoi tu thi co ten tucmg ung la aqua va 
ammin. Ten cua phoi tu luon duoc dat trong da'u ngoac, trtr mot so truong hop nhu 
aqua, ammin, cacbonyl (CO), ... 


Bang 1.8. Ten nhirng phoi tu vo co thuong gap theo IUPAC [1] 


TT 

Cong thurc 

Ten he thong (ti£ng Anh) 

Ten lira chon (tieng Anh) 

1 

n 2 

(dinitrogen) 


2 

P* 

(tetraphosphorus) 


3 

As 4 

(tetraarsenic) 


4 

N u 

nitrido 


5 

p3- 

phosphido 


6 

As 3 ' 

arsenido 


7 

(n 2 ) 2 - 

[dinitrido(2-)] 

[hydrazido(4-)] 

8 

(N,) 4 - 

[dinitrido(4-)] 

azido 

9 

(N,)' 

(trinitrido) 


10 

(P 2 ) 2 ' 

[diphosphido(2-)] 


11 

(CNX 

cyano 


12 

(NCO)' 

(cyanato) 


13 

(NCS) 

(thiocyanato) 


14 

(NCSe)' 

(selenocyanato) 


15 

(NCN) 

[carbodiimidato(2-)] 


16 

NF 3 

(trifluoroazane) 

(nitrogen trifluoride) 

17 

NHj 

(azane) 

ammine 

18 

ph 3 

(phosphane) 

(phosphine) 

19 

AsH 3 

(arsane) 

(arsine) 

20 

SbH 3 

(stibane) 

(stibibine) 

21 

(NH) : 

azanediido 

imido 

22 

(nh 2 )- 

azanido 

amido 

23 

(PH) 2 - 

phosphanediido 

phosphinidene 

24 

(ph 2 )- 

phosphanido 

phosphino 

25 

(SbH) 2 

stibanediido 

stibylene 

26 

(SbH 2 )‘ 

stibanido 

stibino 

27 

(AsH) 2 ' 

arsanediido 

arsinidene 

28 

(AsH 2 )- 

arsanido 

arsino 

29 

(FN) J - 

(fluoroazanediido) 

(fluorimido) 

30 

(C1HN)" 

(chloroazanido) 

(chloramido) 

31 

(Q 2 N)- 

(dichloroazanido) 

(dichloramido) 
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Bang 1.8. (tiep theo) 


TT 

Cong thurc 

Ten he thdng (ti€ng Anh) 

Ten lua chon (ti£ng Anh) 

32 

(FP) 2 - 

(fluorophosphanediido) 


33 

(F 2 P) 

(difluorophosphanido) 

(difluorophosphido) 
(phosphonous difluoridato) 

34 

ch 3 nh 2 

(methanamine) 

(methylamine) 

35 

(CH 3 ) 2 NH 

(N-methylmethanamine) 

(dimethylamine) 

36 

(CH 3 ) 3 N 

(N J'J-dimethy lmethanamine) 

(trimethylamine) 

37 

ch 3 ph 2 

(methylphophane) 

(methylphosphine) 

38 

(CH 3 ) 2 PH 

(dimethylphosphane) 

(dimethylphosphine) 

39 

(CH 3 ) 3 P 

(trimethylphophane) 

(trimethylphosphine) 

40 

(CH 3 N) 2 - 

[methanaminato(2-)] 

(methylimido) 

41 

(CHjNH)' 

[methanaminato( 1 -)] 

(methylamido) 

42 

[(CH 3 ) 2 N]- 

(N-methylmethanaminato) 

(dimethylamido) 

43 

KCH 3 ) 2 P]- 

(dimethylphosphanido) 

(dimethylphosphino) 

44 

(CHjP) 2 ' 

(methylphosphanediido) 

(methylphosphinidene) 

45 

(CH 3 PH)- 

(methylphosphanido) 

(methylphosphino) 

46 

HN=NH 

(diazene) 

(diimide), (diimine) 

47 

H 2 NNH 2 

(diazane) 

(hydrazine) 

48 

hn 3 

(hydrogen trinitride) 

(hydrogen azide) 

49 

(HN=N)' 

(diazenido) 

(diiminido) 

50 

(HNN) 1 - 

(diazanetriido) 

[hydrazido(3-)] 

51 

(H 2 NN) 2 ' 

(diazane-1,1-diido) 

[hydrazido(2-)-N J4] 

52 

(HN-NH) 2 ' 

(diazane-1,2-diido) 

[hydrazido(2-)-N,N ] 

53 

(H 2 N-NH)' 

(diazanido) 

(hydrazido) 

54 

HP=PH 

(diphosphene) 


55 

H 2 P-PH 2 

(diphosphane 


56 

(HP=P)’ 

(diphosphenido) 


57 

(h;p-p) 2 - 

(diphosphane-1,1 -diido) 


58 

(HP-PH) 2 ' 

(diphosphane-1,2-diido) 


59 

(H 2 PPH)' 

(diphosphanido) 


60 

HAs=AsH 

(diarsene) 


61 

H 2 AsAsH 2 

(diarsane) 


62 

(HAs As) 3 ’ 

(diarsanetriido) 


63 

(H 2 AsAs) 2 ’ 

(diarsane-1,1 -diido) 


64 

(CH 3 AsH)- 

(methylarsanido) 

(melhylarsino) 

65 

(CH 3 As) 2 ' 

(methylarsanediido) 

(methylarsinidene) 

66 

h 2 noh 

(hydroxyazane) 

(hydroxylamine) 

67 

(HNOH)- 

(hydroxylaminato-?N) 

(hydroxylamido) 

68 

(H 2 NO)* 

(hydroxylaminato-?0) 

(hydroxylamido) 

69 

(HNO) 2 ' 

[hydroxylaminato(2-)] 

(hydroxylimido) 

70 

(P0 3 ) 3 ' 

[trioxophosphato(3-)] 

[phosphito(3-)] 
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Bang 1.8. (tiep theo ) 


TT 

Cdng thurc 

Ten he thong (ti£ng Anh) 

Ten lira chon (ti£ng Anh) 

71 

(Hpo 2 ) 2 - 

[ (hydridodioxophosphato( 2 -)] 

[phosphonito( 2 -)] 

72 

(H 2 PO)- 

[dihydridooxophosphato( 1 -)] 

(phosphonito) 

73 

(AsOj) 3 - 

[trioxoarsenato(3-)] 

[(arsenito(3-)] 

74 

(HAs0 2 ) 2 - 

[hydridodioxoarsenato( 2 -)] 

[(arsenito{ 2 -)] 

75 

(H 2 AsO)' 

[dihydridooxoarsenato( 1 -)] 

(arsinito) 

76 

(P04) 3 - 

[tetraoxophosphato(3-)] 

[phosphato(3-)] 

77 

(HPO 3) 2 

[hydridotrioxophosphato( 2 -)] 

[phosphonato( 2 -)] 

78 

(H 2 P0 2 )- 

[dihydridodioxophosphato( 1 -)] 

(phosphinato) 

79 

(AS 04 ) 3 - 

[tetraoxoarsenato(3-)] 

[arsenato(3-)] 

80 

(HAsOj) 2 ’ 

[hydridotrioxoarsenato( 3-)] 

[arsonato( 2 -) 

81 

(H 2 As0 2 )' 

[dihydridodioxoarsenato( 1 -)] 

arsinato 

82 

(P 2 0 n t 

[ |i-oxo-hexaoxodiphosphato(4-)] 

[diphosphato(4-)] 

83 

(QH 5 n 2 )- 

(phenyldiazenido) 

(phenylazo) 

84 

(no 2 )- 

[dioxonitrato(l-)] 

nitrito -0 



[dioxonitrato(l-)] 

nitrito-N, nitro 

85 

(N0 3 v 

[trioxonitrato(l-)] 

nitrato 

86 

NO 

(nitrogen monoxide) 

nitrosyl - 

87 

NS 

(nitrogen monosulfide) 

thionitrosyl 

88 

n 2 o 

(dinitrogen oxide) 


89 

(N 2 0 2 ) 2 - 

[dioxodinitrato(N-N)(2-)] 

hyponitrito 

90 

0 2 

(dioxygen) 

oxygen 

91 

§8 

(octasulfur 


92 

o 2 

oxido 

0X0 

93 

S 2 - 

sulfido 

thio, thioxo 

94 

Se 2 ' 

selenido 

selenoxo 

95 

Te 2 ' 

tellurido 

telluroxo 

96 

( 0 2 ) 2 ' 

[dioxido( 2 -)] 

peroxo, peroxy 

97 

( 0 2 )' 

[dioxido(l-)] 

hyperoxo, superoxido 

98 

( 0 3 )' 

[trioxido(l-)] 

ozonido 

99 

(s,) 2 - 

[disulfido( 2 -)] 

(dithio) 

100 

(S,) 2 ' 

[pentasulfido( 2 -)] 
(pentasulfane-1,5-diido) 


101 

(Se,)' 

[diselenido( 2 -)] 

(diseleno) 

102 

(Te,) 2 ' 

[ditellurido( 2 -)] 

(ditelluro) 

103 

h 2 o 


aqua 

104 

h 2 s 

(sulfane) 

(hydrogen sulfide) 

105 

H 2 Se 

(selane) 

(hydrogen selenide) 

106 

H 2 Te 

(tellane) 

(hydrogen telluride) 

107 

(OH)- 

hydroxido 

hydroxo, hydroxy 

108 

(SH)‘ 

sulfanido, (hydrogensulfido) 
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Bang 1.8. (tiep theo) 


TT 

Cong thurc 

Ten he thong (tiefng Anh) 

Ten lira chon (ti£ng Anh I 

109 

(SeH)' 

selanido, (hydrogenselenido) 

selenyl 

110 

(TeH) 

tellanido, (hydrogentellurido) 

telluryl 

111 

HA 


(hydrogen peroxide) 

112 

HA 

(disulfane) 

(hydrogen disulfide) 

113 

H 2 Se 2 

(diselane) 

(hydrogen diselenide) 

114 

h 2 s 5 

(pentasulfane) 

(hydrogen pentasulfide) 

115 

(H0 2 )‘ 


(hydrogenperoxo), (hydroperoxy) 

116 

(HSj)' 

(disulfanido) 

(hydrogendisulfido), 

(hydrodisulfido) 

117 

(HS 5 )‘ 

(pentasulfarudo) 

(hydrogenpentasulfido) 

118 

(CH,0) 

(methanolato) 

methoxo, methoxy 

119 

(QH 5 0)- 

(ethanolato) 

ethoxo, ethoxy 

120 

(QH 7 0)- 

(1 -propanolato) 

propoxido, propoxy 

121 

(C 4 H 9 0)- 

(1 -butanolato) 

butoxido, butoxy 

122 

(QH„0)- 

(1-pentanolato) 

(pentyloxido), pentoxy 

123 

(C 12 H 25 0) 

(1-dodecanolato) 

(dodecyloxido), (dodecyloxy) 

124 

(CH 3 S)- 

(methanethiolato) 

(methylthio) 

125 

(QH 5 S)- 

(ethanethiolato) 


126 

(QH.CIO)- 

(2-chloroethanolato) 


127 

(C 6 H 5 0)- 

(phenolato) 

phenoxido, phenoxy 

128 

(c 6 h 5 s)- 

(benzenethiolato) 

(phenylthio) 

129 

[C 6 H 4 (N0 2 )0]- 

(4-nitrophenolato) 


130 

co 

(carbon monoxide) 

carbonyl 

131 

cs 

(carbon monosulfide) 

(thiocarbonyl), (carbonothioyl) 

132 

(CA) 2 - 

(ethanedioato) 

(oxalato) 

133 

(HC0 2 ) 

(methanoato) 

(formato) 

134 

(CH 3 C0 2 ) 

(ethanoato) 

(acetato) 

135 

(CH 3 CH 2 C0 2 ) 

(propanoato) 

(propionato) 

136 

(S0 2 ) 2 - 

[dioxosulfato(2-)] 

[sulfoxylato(2-)] 

137 

(S0 3 ) 2 - 

[trioxosulfato(2-)] 

[sulfito(2-)] 

138 

(Hso 3 y 

[hydrogentrioxosulfato( 1 -)] 

(hydrogensulfito) 

139 

(Se0 2 ) 2 - 

[dioxoselenato(2-)] 

[selenoxylato(2-)] 

140 

(S.o,) 2 - 

[dioxothiosulfato(2-)] 

[thiosulfito(2-) 

141 

(SA) 2 - 

[trioxothiosulfato(2-)] 

[thiosulfato(2-)] 

142 

(S0 4 ) 2 - 

[tetraoxosulfato(2-)] 

[sulfato(2-)] 

143 

(S.o,) 2 - 

[hexaoxodisulfato(S-S)(2-)] 

[dithionato(2-)] 

144 

(^o,) 2 - 

[p-oxo-hexaoxodisulfato(2-)] 

[disulfato(2-)] 

145 

(Te0 6 ) 6 ' 

[hexaoxotellurato(6-)] 

orthotellurato 

146 

Br 2 

[dibromine] 


147 

F 


fluoro 
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Bang 1.8. ( tie'p theo) 
Ten he thong (ti£ng Anh) 


TT 

Cdng thurc 

148 

cr 

149 

(Lr 

150 

[C1F 2 ] 

151 

[IFJ 

152 

[IF 6 ] 

153 

(QO)- 

154 

(C10 2 )' 

155 

(C10 3 )- 

156 

(cio 4 y 

157 

(io,) 3 - 

158 

(I0 S ) 5 - 

159 

(LO,) 4 - 


[difluorochlorato( 1 -)] 
[tetrafluoroiodato{ 1 -) 
[hexafluoroiodato( 1 -)] 
(oxochlorato(l-)] 
[dioxochlorato( 1 -)] 
[trioxochlorato(l-)] 
[tetraoxochlorato( 1 -)] 
[pentaoxoidato(3-)] 
[hexaoxoiodato(5-)] 
[|j.-oxo-octaoxodiiodato(4-)] 


Ten lira chon (tieng Anh) 


chloro 

[triido(l-)] 


hypochlorito 

chlorito 

chlorato 

perchlorato 


Ten cua ciu phdi tri trung hoa hoac cation dupe ket thuc bang ten nguyen tu 
trung tarn ciing voi dien tich cua ion phirc (sd ArSp trong da'u ngoac) hoac trang thai 
oxi hoa cua nguyen tu trung tarn (dung so La Ma trong dau ngoac). Ten cua cau phoi 
tri la anion thi phai bien doi ten cua nguyen tu trung tarn bang each dung them duoi 
“at”. Sau day la mot so vi du goi ten phirc chat don nhan. Thi du: 


Vi du: 

3. [CuCl 2 {OC(NH 2 ) 2 } 2 ] 

4. [PtCl 2 (NH 3 ) 2 ] 

5. [Co(NH 3 ) 6 ]C1 3 

6. [CoC1(NH 3 ) 5 ]C1 2 

7. K[PtCl 3 NH 3 ] 


Diclorobis(ure) dong(II) 
Diclorodiammin platin(II) 

Hexaammin coban(III) clorua 
Pentaammincloro coban(2+) clorua 
Kali ammintricloro platinat(l-) 


Doi voi mot so phoi tu co nhieu nguyen tu cho, khi tao phurc, nguoi ta can chi 
ro nguyen tu nao la nguyen tu cho. Thi du: phd'i tu nitrito (NO z ) co the lien ket voi 
nguyen tu trung tarn qua nguyen tu O hoac qua nguyen tu N. Trong nhung truong 
hop don gian nhu vay, de chi nguyen tur cho dung ki hieu nguyen to in nghieng dat 
sau gach noi voi ten cua phoi tu. Trong truong hop phurc tap hon thi can dung so 
Arap de b goc tren ben phai ki hieu cua nguyen tir cho. Vi du: 


i) o=c-o x 

I / M 

HC—O 

HC—OH 

0=C—O' 
tactrato(3-)-0',0 2 


2) 0=C—O' 

HC—O x 

I / M 

HC—O 

o=c—o 

tactrato(4-)-0 2 ,0 3 


3) 0=C—Q 


HC—OH 


HC—OH 


M 


0 = 0 — 0 ' 


tactrato(2-)-0',0 4 
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Trong nhung trucmg hap phurc tap hem, Ai chi cac nguydn tCr cho a cac nhom 
nguydn tu khdng mang cac chi s 6 vi tri nhu trong danh phap huu ca, ngucri ta dung 
chu k (K^ppa) dat ngay trudc kf hidu nguydn tur cho va sau ddu gach ndi vdri tdn phdi 
tir, thi du: 


/CH 2 -NH-CH 2 

ch 2 N CH J 




H 2 NH 2 CH 2 C 


[N,N'-bis(2-amino-tcN-etyl)etan [N-(amino-tcN-etyl)-N'-(2-aminoetyl) 

-1,2-diamin-KN] cloroplatin(II) -etan-l,2-diamin-K 2 -N,N'] cloroplatin(II) 


1.3.4. Phdi tur kinh dien vsk khdng kinh dien 

Xet theo ban chat lidn kdt giua phdi tir va ion trung tam, ngudi ta chia phdi ta 
thanh hai loai: phdi ttjr kinh didn va phdi tit khdng kinh didn. 

Phdi tuc kinh dien la nhung phdi tir chi dan thu&n cho cap electron dd tao lidn 
kdt phoi tri vdi tat ca cac loai axit Liuyt (H + , ion kim loai chuyen tidp, phan tu thidu 
electron). Thi du NH 3 , H 2 0, anion gdc axit, amin... Chung dupe goi la phdi tir loai 
a-cho (cho electron tao lidn kdt a vdi nguydn tir trung tam). 

Phoi tuc khdng kinh dien, con goi la phdi tir K-nhan hoac phdi tir rt-axit (7t-acid 
ligand) nhu CO, PF 3 , ... chung tao thanh lidn kdt phdi tri hdu nhir chi vdi kim loai 
chuyen tidp. Sir tao thanh lidn kdt do la do tinh chat dac bidt cua ca kim loai va phdi 
tir. Kim loai co obitan d co thd su dung de tao lidn kdt, con ph<5i tir thi khdng nhung 
co kha nang cho ma con co cac obitan co kha nang nhan electron. 


Su khac bidt giOa phdi tu kinh didn va phdi tu khdng kinh dien co thd tha'y dupe 
qua cac thi du sau: ca NR 3 va PR 3 ddu thd hidn tinh baza ddi vdi H\ nhung P co cac 
obitan d trdng d mire nang luong tha'p ndn co thd nhan them electron, con a N thi 
obitan 3d tha'p nha't cung a mire nang luong qua cao khdng dung dupe. NR 3 la phdi tir 
kinh didn con PR 3 la phdi tir khdng kinh didn. Luc baza cua cacbon oxit, CO, vdi H* 
ydu, h£u nhu khdng do dupe, vay ma no tao phde vdri ta't ca cac kim loai chuyen tidp, 
CO la phdi tir khdng kinh didn. 


Nhidu khia canh lidn quan ddn cac phdi tir, nha't la phdi tu kinh didn da dupe 
xem xet cr cac muc trdn. Dudi day, sau khi gidi thidu loai phdi tir ankyl thude loai a- 
cho tuang tu nhu cac phdi tir kinh didn, se xem xet chu ydu cac phdi tir khdng kinh 
dien. 
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Phoi tu <j-cho loai ankyl 

Hop chat chua lien ket kim loai - .cacbon duac goi la hop chat co kim. Sau phat 
minh ra hap chat kern akyl cua Frankland vao nam 1849, da co rat nhieu co gang 
dibu che ankyl cua cac kim loai chuyen tiep nhung deu khong thanh cong. Mai den 
nam 1907, Pop va Peachy mbi co lap duac hap chat bbn co cong thuc (Me,PtI) 4 ma 
gin 50 nam sau do ngubi ta mbi xac dinh duac no la phuc chat ca kim co cau true 
nhu a hlnh 1.31. Va cung den thbi gian do, ngubi ta mbi dieu che duac cac phurc ca 
kim khac chua phb'i tir ankyl dong thbi vbi cac phoi tu khac nhu r|-C;H 5 (Cp) va CO 
hoac PR V Thf du (r)-C,H 5 )Mo(CO) 3 CH 3 , (ri-C^HjFeCCOljCH,, c/5-PtMe 2 (Pet 3 ) 2 , 
rra/i5-PtMe 2 (Pet 3 ) 2 . 


Hinh 1.31. Cau true cua phurc ca kim (Me 3 PtI) 4 . 
Bon nguySn tu Pt chiem bon dinh cua hinh tu 
dien, bon nguyen tu I dong vai tro phb'i tu mu 
(xem muc 1.3.1.). Pt phb'i tri 6. 



De hieu vi sao cac ankyl kim loai chuyen tiep khong ben, hay xet cac du kien 
thuc nghiem sau: 


Nang luong lien ket M-C db'i vbi kim loai chuyen tiep la 120 - 160 kJ/mol 
cung g£n nhu tuang duang vbi kim loai khong chuyen tiep. 


PbMe 4 la herp chat ben vung (t s = 200°C), con TiMe 4 chi bbn a nhiet do dubi - 
50°C mac du nang luong lien ket Pb-C la 167,4 kJ/mol con cua lien ket Ti-C la 
259,4 kJ/mol. Neu chuyen TiMe 4 thanh phuc bao hoa phoi tri TiMe 4 bipy thi do ben 
tang ro ret, no ben tbi 15°C. Ngubi ta cho rang chinh su co mat nhung obitan tro'ng a 
kim loai chuyen tiep co the su dung cho phan ung phan huy la nguyen nhan din tbi 
su kem ben cua ankyl kim loai chuyen tiep. Thuc te, su khong ben cua ankyl kim 
loai chuyen tiep nhu (QH^Fe chang han, la do su chuybn H-p va su phin huy giai 
phong anken va hidro, thf du: 


L n M-CH 2 -CH 3 



LnM + 1/2H 2 + C 2 H 4 


Cac phb'i tu nhu CO, Cp, PR 3 chiem cac chb phb'i trf cua kim loai, ngan can 
phan ung chuyen hidrua do do lam 6n dinh cac phuc ankyl. Cac phb'i tu chua cac 
nhom ankyl hoac aryl lbn hoac khong co Hp cung tao phuc bbn. Ching han nhu 
Cr(CH 2 SiMe 3 ) 4 ; Os(a-MeC 6 H 4 ) 4 . 
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Chfnh sir tao thanh phuc ankyl khong bdn va sir chuy&t Hp tir phdi tu ddn ion 
trung tam da giai thfch vai tro cua xuc tac Zigle-Nata (TiCl 4 -Al(C 2 H 5 ) 3 ) trong phan 
ung trung hop dieu hoa lap th£ anken 6 nhidt dd va ap suat thucmg nhu so d6 d hinh 
1.32. 


R-CH ; R-CH 2 CHCH, 

ci-X ■ ch 2 =chch 3 a--_ j --!j_ ci\J^^CH 2 . ^ch 2 -c-ch 2 r 


-Ti. 


Cl v | -Cl 
Cl 


>vCH 2 

| Ai 

a 


An: 

or I ^ci 

ci 


;ti- 
ci^ | 
ci 


r 

H 


/H ^CH 3 
[ / '^Polime 

aO ^ch 2 

or I Al 


H 


a 


H 3 C. x Polime 

Cl--.. I + 

X'i _ 

| ^C1 

Cl 


CH, 


Hinh 1.32. Co che sir trung hop anken nhcr xuc tac Zigle-Nata. 

Hinh 1.33 md ta ca'u true cac dang didu hoa lap th£ va khdng didu hoa lap th£ 


cua polipropilen -|-CH - CH 

CH-j 


1 


H CH- H CH- H CH- H CH- H CH- 

>4 X X >4 :4 

y\ y\ y\ s\ s\ 


H H H H H H H 


H H 


Dang isotactic 


H CH, CH, H H CH, CH, H H CH, 

X X X '"4 " 44 

,< :< ,< ,< a 

hhhhhhhhhh 


Dang syndiotactic 


H CH 3 H CH, CH, H H CH, CH, H 

>4 X >4 "4 " 4 ^ 

a .a 4 ,< x 

hhhhhhhhhh 


Dang atactic 
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Hinh 1.33. Cau true di£u hoa lap th£: isotactric va syndiotactic. 
Cau true khong di£u hoa lap the: atactic. 










Sb dl trung hop vbi xuc tac TiCl 4 -Al(C 2 H 5 )3 tao ra dupe polime dieu hoa lap 
the la do ca monome va mach polime deu phoi tri vbi Ti(IV) va su phat trien mach 
polime xay ra trong cdu phoi tri theo mbt su phan bo khong gian xac dinh. Vi the goi 
la trung hap phoi tri. Do phat minh va phat trien loai xuc tac dieu hoa Up the’ ma 
K. Ziegler (Dire) va G. Natta (Ytalia) da dupe nhdn giai Noben hoa hoc nam 1963. 

Polime thu duoc nhb trung hop goc hoac trung hop ion thubng khbng co cdu 
true dieu hoa Up the. Cac phan tu polime khong the sap xep khft khao vbi nhau do do 
polime co ti khoi thdp va do ben khbng cao. Khi dung xuc tac Zigle-Nata ngubi ta 
thu duoc cac polianken co cdu true dieu hoa Up the. Cac phan tu polime dieu hoa lap 
the sap xep khit khao vbi nhau lam cho luc lien ket giua chung duoc tang cubng. 
Chung dupe goi la polianken mat do cao. Bieu hien r5 rang la chung khong con 
trong suot nhu polianken mat db thdp. Dong thbi db ben co li cung dupe ndng cao. 

Phdc chd't litiankyl cuprat dupe ling dung rong rai trong tong hop huu co, dac 
biet de tao lien ket C - C tir din xudt halogen, thi du: 

LiCuR 2 + R’-X —► R-R’ + LiX + CuR 

Litiankyl cuprat dupe dieu che bang tac dung cua Cul hoac MeCu vdi LiR 
trong ete: 

Cul + 2LiR ete > LiCuR 2 + Lil 

Litiankyl cuprat dupe dung b dang dung dich trong ete, tuy thuoc vao ban chd't 
ete va vao ti le Cu va LiR ma trong dung dich con cac tieu phan khac nua, chdng han 
co edn bang sau: 

LiCuMe 2 + MeLi Li 2 Cu.Me 3 

Vi the cung giong nhu hop chd't co magie, viec xac dinh ban chd't cua ankylliti 
cuprat gap nhieu kho khan. Trong mot so trubng hop, co nhung tieu phdn cd'u true 
phdng nhu [Cu(mes) 2 ]', {Cu[C(SiMe 3 ) 3 ] 2 }. Trong cac trubng hop khac tha'y co nhung 
phiic chat nhu [Lu 2 Li 2 (C 6 H 4 CH 2 NMe 2 ) 2 ], hoac nhung phurc chat chura chiim 5 nguyen 
tu kim loai. 

1.3.5. Phoi tur o-cho/7t-nhan 

Cac phoi tu kinh dien cho cap electron d6 tao lien ket vbi nguyen tu trung tdm. 
Dac diem chung cua cac phoi tu khong kinh dien la co obitan trong co th6 nhdn 
electron de tao lien ket n vbi nguyen tu trung tdm, chung duoc goi la phbi tu 7t-nhdn 
(hay phoi tu 7t-axit). Phbc chd't tao ra dupe goi la phitc chat-n. Co nhung phbi tu n- 
nhdn nhu CO cho cap electron chua chia de tao lien ket a vbi nguyen tu trung tdm. 
Chung dupe goi la cac phoi tu loai a-cho/Tt-nhdn. Lai co nhung phoi tu dung cac 
electron 7t cua minh tao lien ket a vbi nguyen tu trung tdm (nhu etilen). Chung 
dupe xep vao loai phoi tu a-7t-cho/7t-nhdn. Sau ddy se ldn lupt xet hai loai do. 

Cac phd'i tu a-cho/K-nhan thubng gap la cacbon monoxit, isoxianua, cac 
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photphin, asin, stibin, sunfua, nita monoxit, pyridin, 2,2’-bipyridin, 1,10-phenantrolin 
va mot so phd'i tir chiia nhom 1,2-dithioxeton hoac 1,2-dithiolen. Chung co the’ tao 
thanh cac phufc chat d6ng phd'i tu (homoleptic) nhu [Cr(CO) 6 ], [Ni(PF,) 4 ], 
[Mn(CNR) 6 ] + , [Vphen 3 ] + , hoac cac phtic khong d6ng phd'i tu (mixed complexes) nhu 
[Co(CO) 3 NO], [Ph 3 PFe(CO) 4 ], [Fe(CN) 5 CO] 3 \ [Mo(CO) s I]\ [NilSACCN),}*] 2 '. ... 

Cac tinh chat dac trung cua phd'i tu loai nay la kha nang lam 6n dinh trang thai 
oxi hoa duong tha'p, hoac bang khong hoac am cua nguyen tu kim loai. Dac tinh nay 
la do ngoai cap electron chua chia, cac phd'i tir nay con co cac obitan n trd'ng. Obitan 
trong nay nhan electron tu cac obitan da dien cua kim loai de tao lien ket 71 phu them 
vao lien ket a hinh thanh tir cap electron chua chia. Nhct vay ma mat d6 electron cao 
von co o nguydn tu kim loai vdi trang thai oxi hoa tha'p duac giai toa (san se bat) tai 
phoi tu. Hay xet cac trucmg hap cu th^ sau day: 

Cacbon monoxit, CO 

Lien ket giua CO va nguyen tu kim loai co the duac dien ta nhu sau: 

i) Nguyen tir C cua CO dung cap electron chua chia de tao lien ket cho - a vai 
nguyen tir kim loai (hinh 1.34.a). Nhu the electron d6n v6 phia kim loai. Nguyen tir 
kim loai vdi trang thai oxi hoa tha'p khong the cha'p nhan mat do electron cao n6n co 
xu hudng defy lai phia phdi tir. Dieu do xay ra duac chi khi phdi tir co kha nang tiep 
nhan electron. 

ii) Obitan d„ (hoac obitan lai hoa dp* cua nguyen tir kim loai xen phu vai obitan 
71 * trdng cua phan tir CO, tao ra lien ket 7 t. Nhu the electron lai chuy^n tu kim loai 
sang phd'i tir, vi the lien ket 7r loai nay duac goi la lien ket 7t-nhan (hinh 1.34.b). 

OmQ + C[^c=n- —► M^^^C=Q: a) 



Hinh 1.34. a- Su xen phu cac obitan a cua C va M tao lien k£t a (C -► M); 
b- Su xen phu obitan tt* trd'ng cua CO vdi d7t cua M tao lien k£t nhan - 
7t (M -» C); c- Sa do lien ket cua CO vdi kim loai trong phtic cacbonyl. 
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Nhu vay lien k£t giua CO voi nguygn ttr kim loai la lien ket boi (hinh 1.34c), 
no g6m mot lien ket a-cho va mot lien ket 7i-nh|n (lien ket nay d6i khi duoc goi la 
lien ket “cho nhan nguqc”). Viec tao thanh lien ket cho nhan nguoc lam ben them 
lien ket M-C va lam yeu lien ket C=0. Cac so lieu v6 d6 dai lien ket M-C 6 phuc 
cacbonyl con tucmg d6'i it, tuy nhien no cung phu hop voi bac lien ket giua 1 va 2. 
Chang han do dai lien ket M-C giam khoang 15-30 pm so voi lien ket don. Con do 
dai lien k£t C-O tang len khoang 2,2 pm. Tren pho dao dong, tan s6' v co thuong giam 
khoang 50 - 400 cm -1 so voi v co cua CO tu do. M6men ludng cue cua lien ket M-C 
ra't nho, vao khoang 0,5D. Chung to 6 lien ket nay CO khong chi cho electron ma con 
nhan lai electron tir kim loai (lien ket ngucrc). Cac so lieu v6 goc lien ket cung cho 
thay nhom M-C-O trong phurc cacbonyl don nhan (6 do CO khong phai la phoi tu 
cau n6'i) la thing hang. 

Cac ph6'i tu loai o-cho/rr-nhan tuong tu CO g6m co RNC, N 2 , CS, NO va NS. 
Lien ket giua chung v6i kim loai cung tuong tu nhu da xet trong trudng hop CO. 

Isoxianua (isonitril) RNC 

Trong hoa hoc huu co, hop chit loai R-C^N duoc goi la nitril, loai R-N=C 
duoc goi la iso nitril ( trong hoa hoc phurc chit con goi la isoxianua). So v6i CO thi 
R-N=C thubc loai cr-cho t6't hon nhung la loai 7i-nhan kem hon. Mat khac, isoxianua 
khong nha't thiet luon la phoi tu loai rt-nhan. Ching han, ddi v6i ion kim loai o trang 
thai oxi hoa cao, isoxianua tao phurc chi boi lien ket a-cho. So dl co su khac nhau 
nhu vay la do CO la baza Liuyt yeu nen d^ tao phurc ben c£n phoi hop ca lien ket a- 
cho va 7t-nhan. Con isoxianua la bazo Liuyt manh hon nen tao duoc lien ket a-cho 
b£n voi ion kim loai hoa tri cao la nhung axit Liuyt manh. 

Thi du ve phurc isoxianua 

M(CNR) 6 M(CNR) 5 M 2 (CNR) 8 M(CNR) 4 

M = Cr, Mo, W M = Fe, Ru M = Co M = Ni 

Ni(CO) 4 + 4PhNC —► Ni(CNPh) 4 + 4CO 

C£n chu y rang ion xianua, CN - , tuy la dong electron vdi CO va isoxianua, 
nhung kha nang tao lien ket 7t-nhan ra't kem (do no mang san dien tich api). Vi vay, 
no giong voi anion halogenua. Trong m6t s6' trucmg hop, ion xianua lam tang dang 
k£ d6 b^n cua phurc chat voi kim loai d trang thai oxi hoa tha'p. Ching han, no hoa 
tan duoc Ag'I 

Agl + 2CN" [Ag(CN) 2 ]“ + r lgK = 4,4 (20°C) 

Khac voi CN‘, nitril R-C=N tao phurc voi kim loai theo ba ki£u: qua N, qua C 
va qua lien k£t ba C=N. Nhung noi chung thuemg la lien ket yeu. Vi the phurc nitril 
thuemg duoc dung lam san phim trung gian trong tong hop cac phurc chat khac. Thi 

du: 
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PdCl 2 + 2PhCN -*► [(PhCN) 2 PdCl 2 ] ole P hu V [(PhCN)(01e)PdCl 2 ] 

Khi phdi tri vdi ion kim loai, mat dd electron d C cua nitril giam di n£n no di 
tham gia vao cac phan ung vdi tac nhan nucleophin. Thi du: 

[(NH 3 ) 5 Ru(NCR)] 3+ f — [(NH 3 ) 5 Ru - N - C - R] 2+ 

H O 

(MeCN) 2 ReCl 4 + 2PhNH 2 —► (PhNHCMe=NH) 2 ReCl 4 


Nito (N 2 ) 

Mac du N 2 la dang electron vdi CO va RCN nhung no rat tro. Phurc chat chua 
nito diu tien [Ru(NH 3 ),(N 2 )] 2+ duoc phat hien vao nam 1965. Ket qua phan tich 
nhiiu xa tia X cho tha'y goc Ru-N-N bang 178,3 ’C va do dai lien ket M-N 2 ngan 
hon so vdi lien ket don M—N. Lien ket giura nito va kim loai trong nhom thing hang 
M-N-N cung co ban chit gom lien ket o-cho va n-nhan nhung kha nang o-cho la 
kem ben hon nhi6u. 


Ket qua nghien ciru ph6 IR cua phdc chua nhom Ru- 14 N= 15 N va Ru- 5 N= N 
cho tha'y hai dang do chuy^n d6i duoc cho nhau trong mot can bang. Ngudi ta cho 
ring su chuydn d6i do xay ra qua dang phurc cha't khong b6n ma lien ket vdi Ru 
khong theo dudng thing ma theo ki6u ba tarn: 


[(NH 3 ) 5 Ru- 14 N= ,5 N] 2+ 


(NH 3 ) 5 Ru 



2 + 


[(NH 3 ) 5 Ru- i5 N='^N] 2+ 


Trong khi NO va RNC co the hinh thanh cac phurc dong phoi tCr. Ching han, 
M(CO) n , thi N 2 chi co the hinh thanh cac phurc khong dong phoi tu (phurc hdn tap) 
nghla la N 2 chi tao phurc cung vdi cac phoi tu khac. 

Phurc chat chura N 2 la doi tuong rat hip din bdi vi viec dua duoc phan tu N 2 vao 
cau phoi tri va bien doi no thanh cac hcrp chit chua nito (giong nhu cac vi sinh vat co 
dinh dam tir N 2 khong khi) la co y nghla thuc tiin vo cung ldn lao. Chinh vi the, rat 
nhiiu cong trinh nghien curu da duoc tien hanh va ngudi ta cung da t6ng hop duoc 
phurc chit chura nito cua kha nhieu kim loai: 


Cr 

Mn 

Fe 

Co 

Ni 

- 

• 

Mo 


Ru 

Rh 

- 

- 

- 

W 

Re 

Os 

Ir 


• 



Rat nhiiu phurc cha't chura N 2 da duoc tong quan d tai lieu. Tuy nhien phoi tu N 
d cac phurc chat do thudng di bi diy ra bdi cac phoi tu khac, mat khac viec khu no, 
ching han thanh NH 3 roi diy ra va thay the tiep bang N 2 con gap kha nhiiu kho 
khan. Vi the, vin di dung phuc chat vdi N 2 nhu la mot xuc tac de co dinh dam con 
chua thuc hien duoc d quy mo ldn. 
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Phoi tu NO 

Ph£ln tu NO co nhi£u di£m tuong tu CO trir mdt diem la NO co nhi6u hon CO 
mdt electron, electron nay 6 obitan 71 *. Vi the khac v6i CO, NO dirge coi la phoi tit 
cho ba electron. Thuc te la hai nhom NO co th£ thay cho ba nhom CO nhu trong thi 
du sau: 

Fe(CO), Fe(CO) 2 (NO) 2 

Mn(CO) 4 NO Mn(CO)(NO) 3 

Cr(CO) 6 Cr(NO) 4 

Trong phurc chat, nhom NO ph6'i tri vdi kim loai qua nguyen tu N. Tuy thude 
vac ban chat cua nguyen tu trung tarn va cac phdi tu khac ma nhom NO bieu hien 
gan nhu la dang trung hoa (NO) hoac dang NO + , (:N=0:) + v6i goc MNO gan nhu 
bang 180° hoac NO' (N=0) vdi goc MNO khoang 120-140°. 

Ngudi ta mdi chi biet mot phurc dong phdi tur NO la Cr(NO) 4 nhung cac phurc 
tap phoi tut (chura NO va cac ph6i tu khac) thi co rat nhi^u. Chang han kali nitropruxit 
K 2 [Fe(CN) 5 NO] tit lau da dugc su dung trong dieu tri benh tim mach. 

Phoi tu loai photpho hoa tri ba (PX 3 ) 

Cac hop chat loai PX 3 (va ca AsX 3 , SbX 3 , SX 2 va SeX 2 ) v6i X la cac nhom hut 
electron nhu Ph, OR, Cl hoac F la nhung phdi tu quan trong thuoc loai a-cho/7t-nhan. 
PF 3 hinh thanh nhieu phurc chat tuong tu nhu CO, chang han Ni(PF 3 ) 4 , Cr(PF 3 ) 6 . 

Lien ket giua PX 3 vdi kim loai cung tuong tu CO vdi kim loai. Lien ket 7i-nhan 
6 do la do P dung obitan d trong d£ nhan electron tit obitan d da di6n cua kim loai. 6 
cac phoi tu loai PR 3 (R = Me, Et hoac Bu nhom d£y electron) lien ket o-cho P^M 
dong vai tro quan trong, con lien k£t 7t-nhan P<—M thi hau nhu khong dang ke. 
Nguoc lai, 6 PF 3 thi lien ket 7t-nhan P djl <- M dlt lai la chu yeu. 

Kha nang nhan electron 7t tit kim loai giam theo trat tu sau: 

PF 3 > PC1 3 > P(OAr) 3 > P(OR) 3 > PAr 3 > PRAr 2 > PR 2 Ar > PR 3 

Phoi tu: a-choln-nhan loai ankenyl, phenyl va ankinyl 

Ngudi ta da di6u ch£ duoc nhi6u hop chat co kim va phurc co kim chura nhom 
ankenyl (vinyl), nhom aryl (phenyl) va nhom ankinyl (axetilua): 



phurc loai vinyl phurc loai phenyl phuc loai axetilua 


Ngoai lien k£t ct-cho giura M<-C ngucri ta da chung minh rang co su chuyen 
electron tit obitan cua kim loai tori obitan n cua ph<5i tu, ching han do dai lien ket 
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Pt-C a cac phirc ca kim cdng thirc B va C d£u giam nhi£u so vai dd dai lidn kdt don 
Pt-C trong phirc chat a cdng thirc A: 


PPhMej 


Cl- 


PPhMe, 


208 pm 
-CHiSiMe-. 


PPhMej 


Cl- 


PPhMe, 



127° CH 2 


203 pm 

135 pm 


ci- 


PPhM^ 


PPhMe 2 


198 pm 
-CH=CPh 

118 pm 


(A) (B) (C) 

Viec R-C=C" thay thd dd dang cho CN” chung to co su tircmg tu giua chung: 

K 3 [Cr(CN) 6 ] + 6NaC=CH — — £ K 3 [Cr(OCH) 6 ] + 6NaCN 
Phoi tut G-choln-nhtin loai amin di vdng tham 

Ta biet rang lire baza Liuyt cua pyridin nho han cua cac amin beo nhir cac 
ankylamin chang han. Tuy vay, noi chung pyridin lai tao phirc chat bdn hcfn. Ngudi 
ta cho rang b cac phdi tu chira nhan pyridin (C 5 H 5 N), ngoai lien kdt a-cho N—»M tao 
thanh tir ddi electron chua chia cua N, con co lidn ket n-nhan do obitan n * cua vong 
tham nhan electron d tir kim loai. Cac phdi tu cr-cho/n-nhan loai di vong tham g6m 
co cac phdi tir chira nhan pyridin nhu: 




Cac phdi tir diazen nhu: 


.N 







NfV 

N 


o 


Pyrazolat Imidazolat 


'N' ^ ^ N 'N' 

1,4-diazen 1,3-diazen 1,2-diazen 1,8-Naphtyridin 

Trong sd cac amin di vong ke tren, 2,2’-bipyridin va terpyridin thucrng dong vai 
tro la phdi tir khep vong. 

Phirc chat vdi cac baza nuleotit cung duac chu trong nghidn ctiu vi baza nay co 
mat trong axit nucleic. Chang han phtic cua Co vai purin co cdng thurc nhu a hlnh 
1.35. Tac dung kim ham te bao ung thu cua cisplatin la do Pt(II) da tao phirc vdi baza 
nucleotit co mat trong axit nucleic. 
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Hinh 1.35. Adenin phoi tri v 6 i Co qua nguydn tir N 6 nh&n imidazole. 

1.3.6. Phd'i tfir cho a,7t-cho/7t-nhan 

Co nhung phd'i tu lidn kd't v 6 i kim loai bang each cho electron tt vao obitan 
trong cua kim loai de tao ra lien kd't a va nhan electron tir kim loai v& obitan 7t (phan 
lien ke't) trdng cua minh de hinh thanh li 6 n ke't 7 t-nh$n. Chung duqc sap xep vao loai 
phoi tu cho CT, 7 i-cho/ 7 t-nhan 

Phoi tit anken (phoi tut loai olephin) 

Phurc olephin d£u ti 6 n va cung la hop chat co kim loai chuyen tiep duqc biet 
sdm nha't la K[Pt(C 2 H 4 )Cl 3 ] do W.C. Zeise (Xayze) duqc sy ngucri Dan Mach, tim ra 
nam 1827, nhung mai tdi nhung nam nam muoi cua the ki XX ngucri ta mdi hieu rd 
ca'u true cua no. 6 phuc nay, phan tir etilen nam vudng goc vdi mat phing phdi tri 
cua Pt tai trung diem cua lidn ke't C=C hinh 1.36.a. Mdi lien kdt gitfa Pt va QH 4 duqc 
md ta 0 hinh 1.36.b. 6 do, xay ra su xen phu giQa obitan phan tu n lien ket co 
electron cua C 2 H 4 vdi obitan lai hoa dsp 2 trdng cua Pt(II) tao thanh lien ket o, rc-cho 
va su xen phu gifla obitan phan tir n* trdng cua QH 4 vdi obitan nguydn tir 5d co 
electron cua Pt(II) tao thanh lien ke't rc-nhan. 



Hinh 1.36. a- Ca'u true mud'i Xayze; b- Lien ke't platin - etilen. 


6 mud'i Xayze, etilen th£ hidn dung luqng phd'i tri mdt vi no chi chid'm mdt vi 
tri trong c£u phd'i tri vudng phang cua Pt(II). Tuy nhidn. thuc chat thi lien ke't giura no 
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vdi Pt la lien ket ba tarn, nghla la etilen lien ket vdi platin qua ca hai nguyen tu C, 
mdt phan tu etilen dong gop hai tarn vao lien ket ba tarn giua no vdi Pt. Ngudi ta 
dung ki hidu r| 2 de chi didu do. Quan didm vd lien kd't ba tarn nhu vay co su phu hop 
vdi ket qua nghien cuu nhidu xa tia X. Cu thd la dd dai lien kd't C-C d etilen phdi tri 
vdi Pt(II) la 137,5 pm con d (NC) 2 C=C(CN) 2 tetraxiano etilen phd'i tri la 151 pm, 
nghla la gan nhu do dai cua lidn kdt don C-C (154 pm). Goc hoa tri CCH d etilen 
phoi tri va CCC d tetraxiano etilen cung khong con la 120" (lai hoa sp‘) ma giam 
xuong con 110 - 117" (hinh 1.37). Didu dd chung to C d olephin phoi tri da mang 
mdt phan dac tinh lai hoa sp J . 



Hinh 1.37. a- Lidn ket ba tarn d ion [PtCl 3 C 2 H 4 ]“; 
b- Lien ket ba tarn d phirc [IrBr(CO){(NC) 2 C=C(CN) 2 }(PPh 3 ) 2 ], 


Khi trong phan tu co nhi^u lien ket ddi cd lap (khdng lien hop) chung co the 
lien ket vdi cung mdt nguyen tu kim loai hoac dong vai tro c^u noi giua hai nguyen 
tu kim loai (hinh 1.38a, b, c). 



a) b) C ) 

Hinh 1.38. a- Phirc t) -C 10 H 12 PtCl 2 ; b- Phuc Ni(cod) 2 ; c- Phuc c^u noi dien. 


Khi hai lien ket ddi lien hop cung lien ket vdi kim loai thi tuong tac giua chung 
trd len phtic tap hon nhi^u. Chang han nhu trudng hop buta -1.3-dien (goi tat la 
butadien) cd th£ tao lien ket theo hai kieu nhu cdng thuc l.XIVa va l.XIVb - 
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l.XIVa 


l.XIVb 


l.XIVc 


Db dai lien ket (pm) b butadien tu do va phoi tri xac dinh duoc nhu sau: 




(CO ) 3 





De giai thfch sir giong nhau ve db dai libn k£t C-C 0 butadien phbi tri, ngubi ta 
cho rang ca hai cong thurc gibi han l.XIVa va l.XIVb 0 trbn deu gop phan vao cau 
true cbng hubng cua phirc chat nhu bieu di£n b cong thirc l.XIVc. 

Phoi tit ankin 

Vi. mat ly thuyb't, khi ankin tao phirc vbi kim loai thi co th£ tao thanh cac kieu 
phb'i tri nhu sau: 

r - C 

\/ 

M M 

Dua vao db dai lien ket C-C va t£n sb dao dbng hoa tri cua no, ngubi ta co the 
xac dinh ducrc su phoi tri duoc thuc hien theo ki£u nao. C) cac hop chat huu co binh 
thubng, db dai lien ket va tin sb dao dbng hoa tri (v) cua cac libn ket C-C nhu sau: 



C A C 

M-M 


C -- C 

XI 

M M 


V 


./ 


w/ 

M M 


Lien kb't 

\ L 

V c c \ 

v y 
/ - 

(aren) 

\ c 7 
/-\ 

(anken) 

(ankin) 

d c c (pm) 

154 

139 

134 

120 

v (cm -1 ) 

1000- 1100 

1500- 1600 

1620- 1680 

2150-2250 























M6t s6 phuc chat dieu ch£ duoc khi dung phdi tu la ankin co ciu true nhu 6 
hinh 1.39. 


Bu-t 

C\ / 

/ CJ 165° 

RH 2 N— Pi -III 124pm 

c/ C \ 

Bu-t 


Ph 3 P- 

Ph 3 P' 


^C) 


.Ph 

140° 


t39"11 • 32 pm 
\ 

Ph 




CO 

/_c 

Ti // 


V 


\ 


12# prt 


C y) 146" 

Q,h 5 


a)Vcc = 2028 cm 1 


b) Vcc = 1750 cm 1 


a) Vcc = 1780 cm 1 


Hinh 1.39. D6 dai lien k£t va tan s 6 v c . c cua m6t vai phuc chat ankin. 


Khi cho ankin phan ling v6i phurc cacbonyl ngucri ta thu duoc cac phuc ankin, 
thi du: 

[Co 2 (CO) g ] + PhOCPh —► [Co 2 (CO) 6 (PhC 2 Ph)] + 2CO 
[CpNi(CO)] 2 + ROCR “► [(Cp^Ni^RC.R)] + 2CO 

D6 dai li6n k£t C-C a c£c phurc do la vao khoang 146 pm, cac du kien khac cho 
tha'y PhC 2 Ph va RC 2 R trong hai phurc tr6n dong vai tro c5u n6i cho phurc chum hai 
nhan nhu m6 ta 6 cac c6ng thuc l.XVa va l.XVb: 



l.XVa 



l.XVb 


Su tao phurc cua ankin vdi kim loai co y nghla quan trong trong t6ng hop huu 
co. Nh6 su hinh thanh san pham trung gian la phurc cua kim loai v6i ankin ma nguoi 
ta da thuc hien duqc cac kieu edng dong vong [2+2], [2+2+2] va [2+2+2+2] nhu m6 
ta 6 hinh 1.40. 
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[2 + 2 ] 


\y 

[2 + 2 + 2 + 2] 


— 



[2 + 2 + 2 ] 


Hinh 1.40. Cac phan ting dong vong vtii ankin nhcr xuc tac phtic chat. 


DS tha'y ro vai tro xuc tac cua phtic ankin hay xem xet m6t sd vi du sau day. 

9 

• Tao vong xiclobuta-l,3-dien. 

Vong xiclobutan-l,3-dien thudc loai phan thorn, khong b6n, kho di6u che 
bang phucmg phap thong thircmg nhung lai d£ dang tao ducrc nh6 phan ting dong vong 
2+2 cua ankin: 



• Tao di vong loai pyridin 

CpCo (cod) 

2 HC=CH + RC=N -- 



• Di6u ch£ cac ankyl benzen vdi nhi6u nhom ankyl ldn: 
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3 HC=CCMe 3 + Co 2 (CO) 8 


(CO) 4 Co 2 (HC=CCMe) 3 




• Thuc hien phan ting c6ng nucleophin vao lien k£t C=C mo ra con duong 
t6ng hop nhiSu hop chat da vong phtic tap: 




Phoi tuloqi anlyl (allyl) 


Nhix da bid't khi li6n k£t n a each obitan p dung m6t lifen k£t thi xay ra su li6n 
hop 7t-p. Kd't qua cua su lien hop 7t - p la mat do electron duqc giai toa deu a ca ba 
nguyen tu b he lien hop anlyl: 

H 

r\ 

H 2 C=CH-CH 2 H 2 C-CH=CH, 



r\ 

iC= 


: CH- £ -CH 


h 2 c- !L 


-ch=ch 2 



Cac tieu phan trung hoa hoac mang dien tfch am loai anlyl dong vai tro phoi tu 
duqc liet ke dutii day: 



C 3 H 5 * C 3 H 5 C 5 H 7 * C 5 Hf c 7 h; 
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Lien kd't cua chung vdi kim loai thudng duoc bieu didn nhu sau: 



Cach bieu didn nhir tren chua hoan toan tuong ung vdi ban chat lien ket giura 
cac phdi tuf loai anlyl vdi kim loai. Chang han d phurc chat anlylic co the co sir 
chuyen hoa giua cac cau true ma phdi tCr anlyl thude loai rj 1 hoac r| 3 nhir sau: 


,CH 


CH, 

\ 

M 




XH. 


CHi 


CH 2 


M 


/ 


CHi 



Cac du kien ve edng hudng tir hat nhan cung cho thay nguyen tu kim loai 
khong lien ket co dinh vdi m6t nguyen tu C nao trong he lien hc^) cua nhom anlyl. 


Phoi tur vong them 


Mot Vong thorn phai thoa man d6ng thofi cac dieu kien sau: vong co cau tao 
phang; co lien hop kin; s6' electron tham gia lien hop la 4n + 2 (n = 0, 1,2, ...). Cac 
vong thorn don gian duoc liet kd dudi day: 



Phurc chat chura phoi tu vong thorn duoc tim ra dau tien la Fe(C s H,) 2 voi ten 
thong thucmg la feroxen (ferocene). Cung vdi C 5 H 5 , cac phoi tu vong thorn khac nhu 
C 6 H 6 va C 8 H 8 la rat pho bien; C 4 H 4 , C 7 H 7 cung thudng gap, con C 3 H 3 thi rat hiem gap. 


Nhi6u phurc chat chura vong thorn d dang "banh kep" vdi nghla la nguyen tu kim 
loai duoc kep giua hai vong thorn nam song song vdi nhau, hai vong thorn do co the 
la gid'ng nhau hoac khac nhau, thi du nhu d hinh 1.41. 


i 

Fe 



CS> 

i 


Cr 





a) b) c) d) 

Hinh 1.41. Ca'u true cua cac phurc vdi phd'i tu vong thorn: a) (r| 5 -C,H 5 ) 2 Fe; 

b) (T! 6 -C 6 H 6 ) 2 Cr; c) (t 1 8 -C 8 H 8 ) 2 U; d) 0i 4 -C 4 H 4 ) (r! 5 -C 5 H 5 )Co. 
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Tuy nhidn, cung c6 nhi6u hop chat chira chi m6t vong thom cung vdi cac phdi 
tCr khac nhu CO, RNC, R 3 P, ... Thi du, [Ti-C 5 H 5 Mn(CO) 3 ], h-C 5 H 5 Fe(CO) 2 Cl]. Vi cac 
phirc tr6n dSu la trung hoa (khPng mang di£n tich) n£n khi rinh s 6 electron d£ don 
gian co thd coi ca vong thom lan nguydn tir kim loai la trung hoa vi thd phdi tir C<H, 
coi nhu dong gop 5 electron, C 6 H 6 dong gop 6 electron. Chang han t6ng sd electron 6 
phirc [(r|-C 5 H s ) 2 Fe] la 2 x 5 + 8 = 18. Neu coi phPi tir la C,HT thi no da cho ra 6 
electron con ion trung tarn la Fe 2+ , n£n t6ng sP electron v&n la 18. 

Ban chat li£n kPt gi5a vong thom va nguyen tir kim loai 6 cac phirc banh kep da 
dupe sang to sau hang loat nghien ciru thuc nghiem va ly thuyPt. Ngudi ta thudng mP 
ta mpt each djnh tinh nhu sau: 

Cac obitan p d xiclopentadienyl va 6 benzen ddu co true song song vdi nhau va 
vuong goc vdi mat phang phan tu hinh 1.42a va 1.42b. Su t6 hop 5 obitan p 6 
xiclopentadienyl dan tdi 5 obitan n g6m 1 obitan n lien ket manh, 2 obitan 7t lien kPt 
yeu, 2 obitan phan lien kPt yPu va 1 obitan phan lien kPt manh. Do vay ma cac obitan 
d cua nguyen tur kim loai co thP xen phu manh vdi cac obitan 7i cua vong thom nhu d 
hinh 1.42c. 



Hinh 1.42. a- Cac obitan p 6 xiclopentadienyl, b- Cac obitan p 6 benzen; c- Su xen 
phu gitfa obitan d„ vdi obitan n dua hai vong thom trong phurc loai banh kep. 


Nhidu bang chimg thuc nghiem cho tha'y nhan thom trong phirc banh kep co thi 
quay dupe quanh true nPi tarn cua nhan vdi nguyen tir kim loai. Chang han hang rao 
nang lupng dPi vdi su quay nhu thP d feroxen chi vao khoang 8 - 20 kJ/mol. 
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Khdng chi cac hop chat d6ng vong tham tao duoc phirc chat loai banh kep ma 
m6t s6 di vong thorn cung tao phirc chat tuong tu. Chang han ngucri ta da dieu che 
duoc cac phirc chat sau: 



Ly thii la ngucri ta da tao ra diroc cac phirc chat "banh kep" hai nhan, ching han 

nhir: 



Vide nghien cun cac phirc chat loai banh kep khong nhung mang lai nhirng hieu 
bi6't sau hon v6 lien ket hoa hoc trong cac h6 thorn va trong phuc chat, ma con giiip 
tim kiem nhirng xuc tac hiru hieu cho t6ng hop huu co va nhirng con ducmg d6c dao 
de bien d6i cac vong thorn trong cdu phoi tri. That vay, co th6 din ra nhieu thi du ma 
phd'i tu xiclopentadienyl tham gia hiu het cac phan urng the electrophin nhu m6t hop 
chit thorn va cung theo co che tuong tu nhu the electrophin vao nhan benzen: 


"C 



^&7<n 






Feroxen tham gia cac phan irng sunfonic hoa, axyl hoa theo Friden - Crap, 
aminometyl hoa (phan ung Mannich). Hon the no tham gia phan ung Friden - Crap 
nhanh hon benzen tdi 3.10 6 lin va ngay ca phan ung the voi C0 2 cung xay ra dd 
dang. M6t s6' phan ung cua feroxen duoc minh hoa 6 hinh 1.43. 
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Hinh 1.43. M6t vai phan ling th£ cua feroxen. 


"Benzen" trong phiic banh kep cung cho nhifiu phan urng ly thu, ching han: 


<d>> <Q)— L > < C^ >~ SMe 


n-BuLi I MeSSMe 
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Chtfong 2 

PHl/ONG PHAP TONG HOP PHttC CHAT 


De tong hap mot phuc chat mdi, c6 nhieu van de can phai can nhac de tim ra 
mot con dudng thuan lai, mot phuang phap thfch hop. Thong thuong, c£n xet xem 
phuc chat thuoc vao loai phire nao da biet, sau do ctin xem phai di tir chat dtiu nao va 
phai trai qua nhirng phan ung nao. Vi vay, co mot s 6 each phan chia cac phuang 
phap tong hap phire chat. Thi du: 

- Phan chia theo moi trufrng phan ting: tong hap trong dung moi nude; trong 
dung moi khac nude va trong di6u kien khong dung moi. 

- Phan chia theo cac loai phuc chat: tong hap phuc axido, phuc amin, phuc ca 

kim... 

- Phan chia theo phan umg tong hap: phuang phap the, phuang phap oxi hoa 

khu... 

Cau hoi d£u tien phai giai quyet khi bat tay vao t6ng hap mot phurc chat la “nen 
di tur chat d^u nao”. Vi vay, trong tai lieu nay, chung toi se gidi thieu cac phuang 
phap tong hap theo chat diiu co ket hap vdi loai phuc va cac phan ung tong hap a giai 
doan quan trong. 

6 mdi phuang phap, sau khi trinh bay noi dung va ca sd If thuyet cua phuang 
phap, se mo ta qua trinh tdng hop mot so phurc chat tieu bieu nham minh hoa cho H 
thuyet mot each cu the, sinh dong, dong thdi cung cap kien thuc \6 phuang phap 
thuc nghiem ap dung trong tong hap phuc chat. 

Du phan chia theo kieu nao cung kho ma bao gom duac het su da dang, phong 
phu cua cac each thurc ma cac nha hoa hoc da dung de tong hap phde chat, vi vay 
mdi muc se gidi thieu cac tai lieu tham khao co mo ta each thurc tong hap mot sd loai 
phire chat. 

2.1. T6NG HOP PHCTC CHAT TC/ KIM LOAI [11,12,13,14] 

Phuang phap tong hap phuc chat true tiep tir kim loai tuy khong phai la pho 
bien chung cho nhieu kim loai nhung no la mot trong nhirng phuang phap co y nghla 
quan trong khong nhirng trong phong thi nghiem ma ca trong san xua't. Ban chat cua 
phuang phap la dua vao kha nang tao phuc dac thii cua mot sd kim loai vdi mot sd 
phoi tu. 
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2.1.1. Tac dung cua kim loai vbi chat oxi hoa va chat tao phurc 

Cac kim loai co the khu chuan duong thi khbng khu duoc ion H trong dung 
dich axit de tao ra cac muoi tuong ung. Nhung neu trong dung dich co nhung phoi tu 
co kha nang tao phuc ben vbi ion kim loai thi cac kim loai do co th£ bi oxi hoa ben 
ion H + . Do la trubng hop cac kim loai nhon IB (Cu, Ag, Au). Ca ba kim loai nay deu 
tac dung duoc vbi dung dich HCN dam dac giai phong hidro, thi du: 

2Ag + 4HCN -► 2H[Ag(CN) 2 ] + H 2 (2-D 

Trong trudng hop nay, do b6n lbn cua anion phuc chat da quy£t dinh chieu cua 
phan ung. That vay, hay xet can bang (2.2): 

2Ag + 4HCN = 2H [Ag(CN) 2 ] + H 2 (2.2) 


Dua vao the' dien cue chuan thi Ag khbng phan ung duoc vbi dung dich HO 
1 mol//, nhung thuc t£ Ag co th£ tac dung vbi HCN giai phong H 2 la do co su tao 

thanh phuc chat [Ag(CN) 2 ] 


Ag + 


2CN 


(aq) 


[Ag(CN) 2 ] vbi K b =- 


C[Ag(CN) 2 ]* 


C A + 
Ag 


c 2 _ 

CN 


-=7.10 


19 


Ap dung phuong trinh Necsto cho nua phan ung: 

[Ag(CN) 2 ] _ + e ^ Ag + 2CN ( ") 

ta viet duoc: 

r= E° + 0,0591gC + 

(Ag + /Ag) 6 Ag 

khi C, _ _ = C . = 1 mol/1 thi C + = —= —^- = 1.4.10 -20 mol/l. 

|Ag(CN) 2 | CN Ag + 7.10 9 

Vay: E = E°[A g (CN) 2 r/Ag = 0,80 + 0,0591g(l,4.10 _2 °) 


= 0,80- 1,17 = -0,37 V 

Vi the dien cue cua nua phan ting tren am hem the cua dien cue hidro chuan, do 
do no tu dien bien theo chieu nghich, con nua phan ung 2H + + 2e -> H 2 thi theo 
chieu thuan. Tuc la Ag da phan ung duoc vbi dung dich HCN giai phong H 2 . 

Vang kh6ng tac dung vdi oxi ngay ca khi dun nong, the nhung khi co mat phbi 
tu CN " thi no lai bi oxi hoa ngay 6 nhiet db thubng. Tinh chat nay duoc ting dung d£ 
tach vang khoi cac hat quang kho tach bang cac phuong phap thbng thubng. Ngubi ta 
ngam nhung hat quang vang vao dung djeh NaCN (hoac KCN) va sue khbng khi nen 
vao dung dich lien tuc. Vang bi oxi hoa va chuyfin thanh ion phik [Au(CN) 2 ]' tan 
trong nubc: 
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4Au + 8NaCN + 2H 2 0 + 0 2 —► 4Na[Au(CN) 2 ] + 4NaOH (2.3) 

Dung dich thoat ra khoi binh ngam chiet duqc xu H bang kern bdt. Khi do Au + 
bi kh£r thanh Au: 

2Na[Au(CN) 2 ] + Zn —► Na 2 [Zn(CN) 2 ] + 2Au (2.4) 

Trong phucmg phap trdn, vai tro cua sir tao phuc ben da co tac dung quyet dinh 
den viec hoa tan vang. That vay, hay xet phan ung (2.3). Vi E° + . = 1,68 V > 

E° 0,4 V nen phan ting (2.3) khdng tu didn bidn, ttic la vang khdng the tan 

trong nude co mat oxi khdng khi. Nhung thuc te thi [Au + ] khdng bang 1M nhu d didu 
kidn chuln ma da giam di rat nhidu do tao phiic b6n. Dieu do, lam cho the dien cue cua 
cap Au(CN ) 2 / Au trd thanh nho hem so vdi Eq,/oh' • v ^y» ap dung phuong trinh 
Necsto va sd dung K b cua [Au(CN) 2 ] _ la 2.10 38 ta tinh duqc E“ Au(CN)2 j 7 Au = -0,57 V. 
Do do phan ung (2.3) tu di6n bien. 


Tuong tu, vang va bach kim khdng tac dung vdi HN0 3 va vdi HC1 rieng re, 
nhung lai bi hoa tan trong hdn hgfp 2 axit do (goi la nupre cudng thuy): 

Au + HN0 3 + 4HC1. —► H[AuClJ + 2H z O + NO (2.5) 

3Pt + 4HN0 3 + 18HC1 ->• 3H 2 [PtCl 6 ] + 4NO + 8H 2 0 (2.6) 


Axit cloroplatinic H 2 [PtCl 6 ] la mdt axit manh, khi cd dac dung dich, no tach ra 
dudi dang hexahidrat H 2 [PtCl 6 ]. 6H 2 0. Do la nhung tinh the mau do sim, hut am 
manh, dd bi chay rua, nen phai bao quan trong cac ong thuy tinh han kin. 


H 2 [IrCl 6 ], H 3 [RhCl 6 ] duqc dieu chd' bang each nung kim loai tuong ung vdi 
Ba0 2 , roi hoa tan oxit thu duqc bang dung dich HC1. Cac axit H 2 [PtCl 6 ]. 6H 2 0, 
H 2 [IrCl 6 ], H 3 [RhCl 6 ] duqc dung lam chat d£u de dieu che nhieu hop chat va phuc 
chat khac. Di6u dac biet la cac mudi kali, rubidi va amoni cua cac axit ke tren ddu it 
tan trong nude, chung duqc di^u che bang each cho cac muoi clorua cua kim loai 
kiem vao dung dich cua cac axit ke tren. Ngudi ta lqi dung tinh chat nay de chuyen 
H 2 [PtCl 6 ] thanh K 2 [PtCl 6 ] dd bao quan hon, va de tach platin khoi cac kim loai khac 
bang each ket tua mudi amoni rdi phan huy d nhiet do cao: 


+ 2NH 4 C1 ^ kTTT n , 300°C 

H 2 [PtCl 6 ] -^ (NH 4 ) 2 [PtCl 6 ]-* 


Pt + 2NH 4 C1 + Cl 2 (2.7) 


Khi nung nong kim loai Ir vdi NaCl hoac KC1 trong khi quyen clo, ngudi ta thu 
duqc phtic chat hexacloro: 

Ir + 2MC1 + 2C1 2 -► M 2 [IrCl6] 


Phurc hexacloro rodiat cung duqc didu chd tuong tu 

2Rh + 6NaCl + 3C1 2 -► 2Na 3 [RhCl 6 ] 
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Phuang phap cho kim loai tac dung vdi chat oxi hoa va chat tao phuc con dupe 
ap dung trong didu chd dung dich phuc amoniacat d6ng bang each cho vun d6ng vao 
dung dich NH^ dac r6i sue khong khi vao: 

2Cu + 8NH 3 + 0 2 + 2H 2 0-► 2 [Cu(NH 3 ) 4 ](OH) 2 (2.8) 

Dung dich nay goi la “nude Svayde”, dupe dung hoa tan xenlulozo dd chd to 
nhan tao goi la ‘to ddng - amoniac”. 

2.1.2. Tac dung cua kim loai vdi phoi tu [10, 11] 

Su tao phuc true tidp giua kim loai vdi phdi tu chi gap d mdt s6 kim loai vdi 
mot sd phdi tu co ai luc ridng vdi nhau. Ching han, phuc cabonyl la phd bien doi vdi 
nhidu kim loai nhung didu che' chung bang tac dung true tiep cua kim loai vdi CO thi 
chi ap dung dupe vdi Ni va Fe. Sat tac dung vdi CO d nhidt dd va ap sudt cao tao 
thanh Fe(CO) 5 . Bdt niken tac dung vdi CO ngay d nhidt dd thudng: 

¥e m) + 5CO 200 ° C ' 200atm - Fe(CO) (2.9) 

9<0 onOp 

Ni (bot) + 4CO Ni(CO) 4 (2.10) 

Sat pentacacbonyl Fe(CO) 5 (t° c =-20°C, t" =103°C, d = 1,49) va niken 
tetracacbonyl (t^. = -23°C, t° = 43°C , d = 1,32) d6u la nhung chat long, khdng tan 

trong nude, tan dupe trong cac dung mdi huu co nhu etanol, dietylete, tetrahidro- 
furan, axeton, benzen... Vi thd' chung dupe dung lam chat dau d£ tdng hop nhidu 
phirc cua Fe va Ni vdi cac phdi tu khdng tan trong nude nhu cac photphin, cac phoi 
tu hftu co tao phtic co kim... Cac phirc cacbonyl nhu Fe(CO) 5 va Ni(CO) 4 ddu la 
nhung chat cue ddc, nhay cam vdi anh sang tu ngoai va vdi nhidt. Khi bi dun nong 
den 200°C trong didu kien khdng co khdng khi, chung deu bi phan huy hoan toan 
thanh kim loai va CO. Tinh chat nay dupe trng dung dd dieu che Fe va Ni tinh khid't. 
Chang han, ngudi ta cho khi CO lien tuc di qua Ni nung nong d 80°C de tao ra 
Ni(CO) 4 d thd khi. Khi Ni(CO) 4 dupe dan qua bd phan phan huy d 200°C, thu dupe 
Ni tinh khid't, con khi CO dupe dan quay lai phan uug vdi Ni thd. 

Tac dung true tid'p cua kim loai vdi phdi tu con dupe thuc hien barfg phuong 
phap ngimg ket hen cua chung vdi phdi tu. Trong phuang phap nay, kim loai dupe 
hoa hoi ridng d nhidt dd cao va ap sua't cue tha'p. Hoi cua kim loai va phdi tu dupe 
dan tdi thid't bi lam lanh ddt ngdt, d dd, chung dupe ngung ket thanh phiic rln. Vide 
ngimg kd't con co th£ dupe thuc hidn d be mat mang tinh the cua agon, cacbonoxit 
hoac trong hdn hop vdi cac khi khac. Phuong phap nay co uu diem la thuc hien 
nhanh (chi qua mdt giai doan), dd dang tach va tinh che phde chat. Phuong phap nay 
dupe ap dung de tdng hop mdt sd phuc olefin ma kim loai d trang thai oxi hoa bang 
0. Thi du: 
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Fe(k) + 2 




Phiiang phap ngiing k£t con stir dung cho nhidu trucmg hop khac. Thf du, phan 
ling gitira Cu, Ni v6i 8-hidroxiquinolin: 

M (kh0 + 2HOC 9 H 6 N (klll ' ) -► M(OC 9 H 6 N) 2 + H 2 (M = Cu, Ni) 

Hop chat Grinha khong chua dung moi solvat hoa cung da dupe dieu che bang 
phuong phap ngung k£t: 

Mg (kh „ + RX (th „ - 196 °S . RMgX 


Trong tuong tac true tiep giQa kim loai va ph6i ttir, co trucmg hop dung moi 
dong vai tro quan trong, nhu tha'y sau day. 

Khi cho magie tac dung v6i dan xua't halogen trong ete khan, Grinha (V. 
Gringnard) thu duoc hop chat co magie RMgX (R la gP'c hidrocacbon, X la Cl, Br, I). 
Thf du: 

Mg + CH 3 I —— ■ -» CH 3 MgI (metylmagie iodua, 95%) (2.11) 

Hop chat co magie loai RMgX (duoc goi la thuoc thtir Grinha) khong nhung 
duoc stir dung r6ng rai trong t6ng hop nhi6u loai hop chat huu co ma con duoc ung 
dung trong t6ng hop nhieu loai hop chat co kim va phurc chat co kim. 


Mac du giai Nobel da duoc trao cho V. Grinha ttir nam 1912, nhung ban chat 
cua thuoc thtir Grinha thi mai cho toti g3n day m6i duoc sang to. Vi thu6c thtir Grinha 
chi duoc hinh thanh trong cac dung m6i loai ete nhu dietyl ete, tetrahidrofuran... ndn 
ngudi ta da tim duoc nhung bang chung ung h6 cho cac c6ng thurc phuc chat nhu 
dudri day: 


C 2 H 5 OC 2 H5 

R-Mg-R 

t 

c 2 h 5 oc 2 h 5 


RMg MgR Mg2 + 

t^t 

c 2 h 5 oc 2 h 5 c 2 h 5 oc 2 h 5 


R 


Cl 


C 2 H 5 

/ 

\l 

Me 

r/ cN>' 

c 2 h 5 


' 2 ‘ 
c 2 h 5 


Ngay nay, ngudi ta da xac dinh duoc ca'u true m6t vai hop chat Grinha 6 dang 
tinh thti. Chang han, da xac dinh duoc rang d6'i vdi EtMgBr(OEt) 2 va PhMgBr(OEt) 2 
(Et = QH,-; Ph = C 6 H 5 -) nguydn ttir Mg nam d tarn tu dien. Th^ nhung, doi vdi ete gon 
gang nhu tetrahidrofuran (THF) thi co th^ tao ra phuc phoi tri 5 la CH 3 MgBr(THF) 3 . 
Nhu vay, co thd cho rang ca'u true co set cua hop chat Giinha cr trang thai tinh th£ la 
RMgX.n (ete). 


83 






Trong dung dich thi van dd trd ndn phurc tap hem vi c£u true cua hap chit 
Grinha khdng nhung phu thude vao ban chat cua gdc R, ban chat cua dung mdi ma 
con phu thude vao n6ng dd va nhiet dd cua dung dich nua. Ngoai ra, trong dung dich 
con xay ra sir chuy^n hoa giua cac ca'u true khac nhau. Chang han, vdi R la g6c CH 3 
thi phurc chat 2 nhan vdi c^u ndi la CH 3 duoc hinh thanh, con trong cac trudng hop 
khac thi c£u ndi thudng la nguy&n tu halogen nhu d so d6 dudi day (trong do khdng 
bieu didn su solvat hoa bdi cac phan tu ete): 


X 

/ \ 

RMg MgR 


X 

(2.11a) 


2RMgX 

(2.11b) 


R2Mg + MgX2 


(2.11c) 


R 


\ / \ 

Mg Mg 

„/ \ / 

R X 


(2.IId) 


Thdng thudng, trong dung dich loang dang monome RMgX(ete) n (2.11b) chiem 
uu thb. Nhung ddi vdi dung dich ete etylic (dietyl ete) thi ngay d ndng dd 0,1M da 
xay ra su kdt hop tao ra cac dang dime hoac polime. Bang phuang phap 'H NMR, 
ngudi ta khdng th£ nhan ra duac RMgX va R 2 Mg vi chung ludn chuy^n ddi cho 
nhau, nhung bang phuang phap 25 Mg NMR, ngudi ta da nhan tha'y su co mat cua ca 
ba ti£u phan RMgBr, R 2 Mg va RMgBr 2 . 

Trong phan umg di6u chd hap chat Grinha, thdng thudng ngudi ta su dung dan 
xuat bromo (RBr) hoac iodo (RI) vi chung co kha nang phan umg cao han dan xuat 
cloro. Thi du: 

CH 2 =CHC1 + Mg — » Khdng phan umg 
CH 2 =CHBr + Mg — » CH 2 =CHMgBr 

Ddi khi cung da nhan duac phurc ca kim cua magie bang tuang tac true tiep cua 
kim loai vdi hidrocacbon: 


2CH 2 =CH-CH=CH 2 + Mg 


(CHf=CH—CH=CH 2 ), Mg.2THF 


Mg- + 



THF 

20°-60°C 




Mg(THF)3 



Bis(xiclopentadienyl) magie (tuang tu feroxen) cung duac di6u chd bang tac 
dung true tifip cua magie vdi xiclopenta-l,3-dien a 500°C: 
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139 pm 


(2.III) 


Mg + 2C 5 H 6 


500°C 

- h 2 


198 pm 


► Mg 

ds 


B4ng each cho phtic bisxiclopentadienyl tac dung vdi clorua kim loai, ngudi ta 
didu chd' dupe cac phde kidu “banh kep” cua kim loai khac: 

Mg(C 5 H 5 ) 2 + MC1 2 -► MgCl 2 + M(C5H5) 2 


2.1.3. Thuc hanh tong hop phurc chat tir kim loai 

a. Axit hexacloroplatinic [14] 

H 2 [PtCl 6 ].6H 2 0; M = 518,23 

3Pt + 18HC1 + 4HN0 3 -►3H 2 [PtCl 6 ] + 4NO + 8H 2 0 

Cho lOg platin vao 30 ml axit clohidric dam dac, r6i nho tir tir vao do 10 ml 
axit nitric dam dac. Sau khi hoan tan hdt kim loai thi du6i HN0 3 du bang each cho 
vao h6n hop phan ling axit clohidric dam dac, r6i dun tren bep each thuy. Lap lai 
nhidu Idn cho den khi khdng con NO thoat ra. 

C6 can dung dich dd'n thd tich nho. Thdm vao do nude cat, r6i lai c6 ti€fp de 
duoi HC1. Lap lai nhidu ian den khi khdng con khi HC1 thoat ra (thu bang gia'y quy 
dm). Dung dich dam dac dupe dat vao binh lam kh6 chuta H 2 S0 4 d6ng thefi bom hut 
dd giam ap sudt. Axit cloroplatinic se tach ra dudi dang tinh the mau do da cam. Loc 
hut thu duqc H 2 [PtCl 6 ]. 6H 2 0 

Chu y: H 2 [PtCl 6 ]. 6H 2 0 rat hao nude, no bi chay rua khi dd ngoai binh hut dm. 

b. Axit hexabromoplatinic [14] 

H 2 [PtBr 6 J. 9H 2 0; M = 838,88 

3Pt + 18HBr + 4HN0 3 -► 3H 2 [PtBr 6 ] + +4NO + H 2 0 

Tien hanh tuong tu nhu thi nghidm a nhung thay HC1 bang HBr. Thu duoc tinh 
thd H 2 [PtBr 6 ]. 9H 2 0 mau do thdm. 

c. Kali hexacloroplatinat (IV) [14] 

K 2 [PtCl 6 ]; M = 486,23 
H 2 [PtCl 6 ] + 2KQ-► K 2 [PtCl 6 ] + 2HC1 

Hoa tan dung dich dam dac (dang xiro) H 2 [PtCl 6 ] (uidu chd' d thi nghidm a) vao 
mdt luqng nude ga'p 10 ldn. Thdm vao do dung dich 25% KC1 mdi pha cho dd'n ket 
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tua hoan toan. Di yen h6n hop phan umg 1,5-2 gid. Loc lay k£t tua, rua bang dung 
dich KC1 loang, roi bang EtOH. Hi6u sua't 90 - 95%. 

d. Natri hexacloroplatinat (IV) [14] 

Na 2 [PtCl 6 ]. 6H 2 0; M = 562,23 
H 2 [PtCl 6 ] + 2NaCl-► Na 2 [PtCl 6 ] + 2HC1 

Hoa tan mpt luong xiro H 2 [PtCl 6 ] vao m6t luong nuoc gap 5 lan. Them vao do 
mot luong NaCl tmh san (0,28g NaCl cho 1 gam axit). C6 nhe h6n hop den khi bat 
dau xua't hien tinh the. Khi lam lanh, tir dung dich tach ra nhirng tinh the ban mong 
mau da cam sang. Loc hut. Rua bang m6t luong ruou nho. 

e. Paladi clorua [14] 

PdCl 2 ; M = 177,40 
Pd + 2HC1 + 2Q 2 -► H 2 [PdQ 6 ] 

HjtPdC^] —H 2 [PtCl 4 ] PdCl 2 + 2HC1 

Sue dong khi clo vao binh chira paladi va axit clohidric dam dac. Paladi tan 
dan tao thanh dung dich mau do sam. C6 can dung dich tr6n b6'p each thuy den kh6. 
Can kh6 duoc sa'y 6 200°C den kh6i luong kh6ng d6i, r6i bao quan tranh hoi lm. 

g. Kali hexacloroiridiat [14] 

K 2 [IrCl 6 ];M = 483,03 


BaO? 
Ir -*- 


IrOn 


HQ 


H 2 [Ira 6 ] 


kq 


Ha. HNOj 


K 2 [IrCl 6 ] 


H6n hop g6m iridi vci ban peoxit (Ba0 2 , la'y vdi kh<5i luong ga'p 4 lin) duoc 
nung do d^n khi toan kh6i trd thanh mau den. Sau khi d£ ngu6i, chuyen vao c6c sir, 
tr6n vdi m6t chut nuoc, r6i them tir tir dung dich axit clohidric 1:1 d£n hoa tan hoan 
toan chat ran. Dun s6i dung dich 15 phut, sau do loc bo tap chat. Pha loang dung 
dich ga'p 3 l£n, r6i dun den 90°C va ket tua ion bari bang dung dich axit sunfuric 5%. 
Ngay h6m sau, loc la'y dung dich. K£t tua ban sunfat dupe rua gan bang nude nong 
nhidu lin, r6i rira tren ph6u Bucne d6'n khi tro thanh co mau trang. Dun s6i dung dich 
H 2 [IrCl 6 ] thu dupe 10-15 phut, loc bo BaS0 4 con sot. Them vao dung dich 250-270 
ml dung dich axit clohidric dam dac, 250-270g tinh the KC1 va 10-15 ml axit nitric. 
Dun soi dung dich (day bang mat kinh d6ng h6) khoang 2-3 gi6 de'n ket tua hoan toan. 
De qua dem. Loc lay ket tua K 2 [IrCl < ] mau den tren pheu Bucne. Rua bang dung dich 
KC1 5%, r6i bang EtOH. Lam kh6 trong kh6ng khi. Hieu sua't 80 - 90%. 
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h. Natri hexaclororodiat (III) [14] 


Na 3 [RhCl 6 ].12 H 2 0; M = 600,85 


2Rh + 6NaCl + 3C1, 


2Na 3 [RhCl 6 ] 


Nghi6n rat manh 2 - 3 g rodi kim loai trong cd'i ma nao r6i do vao binh cau 
(dung tfch 100 - 200 ml) co nut nham nd'i vdi 2 dng din. Dong khf clo trudc khi dan 
vao binh cau phai di qua binh rira khi Tisenko dung axit sunfuric dac. Khi di ra tir 
binh cau cho sue qua dung dich xut de ha'p thu het khi clo. Dat binh cdu trong 16 n6i 
va dun den 200 - 300°C. Nang nhiet dd cua 16 mdt each deu dan dd'n 700°C. 6 500 - 
550°C xay ra su ha'p thu manh clo trong vong 1 - 2 phut (dong khi clo can tarn th6i 
tang cudng). La'y binh cau chua rodi clorua mau do vira dieu che duqc ra khoi 16 va 
lam lanh. Them vao binh cau natri clorua da duqc nghien that nho vdi luqng ga'p doi 
theo luqng tfnh vdi rodi kim loai (1 g Rh : 2 g NaCl). Rodi clorua va natri clorua 
duqc tron deu bang dua thuy tinh va lai clo hoa tiep 6 nhiet d6 300 - 700°C trong 
vong 1 gi6. Lam nguoi chat nong chay cham trong dong khi clo. Sau do la'y binh cau 
ra va hoa tan khd'i chat nong chay da dong cung vao nude cat va dun nong tr£n bep 
each thuy. Loc thu dung dich. Con can khong tan, dem nung r6i nghi6n vdi NaCl vdi 
kh6'i luqng ga'p 3 ian theo tinh toan va lai clo hoa^trong vong 1 gi6 b dieu ki6n nhu da 
n£u b tren. Hoa tan chat nong chay vao nude. Loc thu dung dich, do vao cung vdi 
dung dich da thu duqc b tren. Lam bay hoi dung dich tren bep each thuy cho den khi 
bat dau xua't hien tinh thff. Lam lanh dung dich, tit do tach ra tinh the ldn mau do. 
Dung kep (pant) la'y tinh th£ ra khoi dung dich, tha'm kho bang gia'y loc va bao quan 
trong paraphin de tranh chay rua bdi hoi ^m.. 


2.2. T6NG HOP PHCTC CHATTCrcAC HOP CHATDON GlAN CClA KIM LOAI [11,14] 

6 cac herp chat don gian cua kim loai nhu oxit, hidroxit, mud'i, nguyen tu kim 
loai da d trang thai oxi hoa khac khong. Ngudi ta thudng su dung chung de cung ca'p 
cac nguyen tu trung tarn cho phirc chat ma trang thai oxi hoa cua kim loai duqc giu 
nguyen hoac co th£ thay doi. 

Tuy theo tmh chat cua phd'i tu va dac di^m cua phurc chat can dieu ch£, phan 
ung co th^ duqc thuc hien trong nude, trong dung moi khac nude hoac kh6ng can 
dung m6i. M6i loai phurc thudng co each thde di6u ch6' rieng. Sau day se xem xet m6t sd' 
loai phurc th6ng thudng duqc di£u ch6' dd dang td cac hop chat don gian cua kim loai. 


2.2.1. Tong hop cac phurc chat axiffo 

Do b6n cua cac phurc chat ma phd'i tu la cac gd'c axit (phurc chat axido) phu 
thude vao ban chat cua ion kim loai, vao ban chat cua phd'i tu. Cac ion kim loai co 
ban kinh nho va didn tfch ldn thudng dd tao thanh phurc axido. Cac anion gd'c axit co 
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kich thudc nho hoac dd phan cue hoa ldn thudng dd hinh thanh phtic chat han. Chang 
han, F - , CN", SCN... tao phtic chat bin hem so vdi NOj , SO; - , hoac CI0 4 . 

Thdng thuemg, Ai di6u che cac phtic chat axido, ngudi ta cho mudi cua kim loai 
tac dung vdi luemg du gdc axit a nhung gia tri pH thich horp. 

Trong dung djeh nude, cac cation kim loai bi hidrat hoa tao thanh cac phuc 
aqua. Thi du, nhi6u mudi khan cua kim loai chuy^n tiep khdng mau khi hoa tan vao 
nude thi tao thanh dung dich co mau. Do la do chung tao phurc cha't aqua ma ph6 
bi6'n la phuc bat di6n ki£u [M(H 2 0) 6 ] n+ , thi du: 

[Fe(H 2 0) 6 ] 2+ [Co(H 2 0) 6 ] 2+ [Ni(H 2 0) 6 ] 2+ [Cu(H 2 0) 6 ] 2+ [Cr(H 2 0) 6 ] 2+ 

luc nhat do hdng luc xanh xanh lam tlm 

Khi cho vao dung dich cac phdi tu g6c axit (A - ) chung se ddy cac phan tu nude 
ra va phd'i tri vdi ion kim loai: 

[M(H 2 0) 6 ] n+ + xA‘ — . [MAJ n ’ x + 6H 2 0 

Chang han, khi cho axit clohidric dam die vao dung dich mot sd mudi kim loai 
thi thay chung tao ra cac phurc chat cloro. Thi du, cac phurc [CoCl 4 ] 2 ", [A1C1 4 ] 2 ', 
[FeCl 4 ]“... d6u ducrc hinh thanh trong dung dich nhung do chung khdng b6n ndn 
khdng tach ra duqc, trong khi cac phuc floro nhu [FeF 6 ] 3_ , [VF 6 ] 2- , [TiF 6 ] 2_ , va 

[RhCl 4 ] - lai tach ra ducrc mdt each d6 dang. Co le ban kinh nho cua F _ va Rh 3 * da 
lam cho phurc b6n hem. Cac mudi PdCl 2 va PtCl 2 khi tac dung vdi axit clohidric thi 
tao ra phurc chat [PdCl 4 ] 2- va [PtClJ 2- . 

Trudng hop phdi tu la gdc cua cac axit yeu, chung co th^ bi ddy ra do tao thanh 
chat dien li yeu, thi du: 

[Re(CN) 6 ] 4 " + H 3 0 + —► [Re(CN) 5 (H 2 0)f + HCN 

Vi the, d£ di6u che cac phurc chat loai nay, ngudi ra khdng them axit ma them 
mudi d£ cung ca'p phdi tit. Thi du: hoa tan Ni(CN) 2 vao dung dich NaCN ngudi ta thu 
ducrc cac phurc chat Na 2 [Ni(CN) 4 ].3H 2 0; Ni(SCN) 2 phan ung vdi luemg du SCN - tao 
thanh cac ion phuc [Ni(NGS) 4 ] 2- va [Ni(NSC) 6 ] 4- ; con FeCl 3 tac dung vdi KCN cho 
K 3 [Fe(CN) 6 ]. Mudi Fe(III) khi phan ung vdi luemg du natri fomiat thi cho phuc chat 
Na 3 [Fe(HCOO) 6 ]. Crom (II) clorua phan umg vdi natri axetat tao thanh ket tua it tan 
Cr(CH 3 COO) 2 . H 2 0 ma thuc chat la mdt phtic chat chum 2 nhanfCr^CHjCOOXiiH^]. 
CuC0 3 phan ting vdi CH 3 COOH tao thanh phtic chat chum 2 nhan tuong tu Cr(II) 
(2.IVa). Anion cacboxylat (RCOO ) con tao vdi Cu 2+ , Cu + phtic chat chum da nhan. 
ching han nhu edng thtic 2.IVb, 2.IVc: 
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2.IVc 


Phan umg cua oxit (hoac hidroxit) kim loai v6i axit cung duoc dung d£ dieu che 
cac phurc chat axido. Co the cho rang muoi cua kim loai tao ra do phan umg trung hoa 
tidp tuc tac dung vdi anion g6c axit d£ tao phurc chat. Thi du: khi hoa tan IrO z trong 
axit clohidric co them NaCl, ngubi ta thu duoc phurc chat Na 2 [IrCl 6 ]: 

Ir0 2 + 4HC1 + 2NaCl-► Na 2 [IrCl 6 ] + 2H 2 0 


Rh 2 0 3 khbng tan trong nubc nhimg tan duoc trong dung dich HC1 do tao phurc 

chat. 

Rh 2 0 3 + 12HC1-► 2H 3 [RhCl 6 ] + 3H 2 0 

Vi 0s0 4 dd dang dieu chd' duoc bang each nung kim loai trong khbng khi b 
300-400°C, do vay, cac phurc cua Os thubng duoc di6u chd' tir oxit do. Thi du: 

30s0 4 + 12HC1 + C 2 H 5 OH +. 6KC1-► 3K 2 [OsC1 6 ] + 9H 2 0 + 2C0 2 


Dd di£u chd' phurc chat cua kim loai b trang thai oxi hoa cao, ngubi ta co the 
dung chat oxi hoa va phoi tir tac dung dong thbi len muoi cua kim loai b trang thai 
oxi hoa tha'p hon. Thi du: nhieu phurc chat cua Co(III) duoc di£u che' tir muoi Co(II) 
(xem muc 2.2.5). 


3+ 


4Co(N 0 3 ) 2 + 24NaN0 2 +12CH 3 COOH + 0 2 -► 4[Co(N0 2 ) 6 ] + 2CH 3 COONa + 


+ 8HN0 3 + 2H 2 0 

4CoC 1 2 + 12NaN0 3 + 4NH 4 C1 +8NH 3 +0 2 -► 4[Co(NH 3 ) 3 (N0 3 ) 3 ] + 12NaCl + 

+ 2H 2 0 

De loai bo cac anion khbng mong mud'n va dd tang hieu sua't tong hop trong 
nhieu trudmg hop, ngubi ta chuydn mud'i kim loai thanh hidroxit roi cho tac dung vdi 
cac axit thich hop. Thi du: 
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MC 1 3 HJ ' H —► M(OH) 3 HC00H — M(HCOO) 3 . H 2 0 M=Cr, Fe 

2.2.2. Tong hop phurc chat ammiacat va phurc chat aminat 

Cac phurc nay duoc di£u chi bang each cho ph6i tur tuong urng (amoniac, amin) 
tac dung vdi dung dich muoi. Thf du: cho dung dich NH 3 dim die vao dung dich 
muoi CoCl 2 hoac NiCl 2 thi tao thanh phurc chat hexaammin: 

CoCl 6 + 6NH4OH-► [Co(NH 3 ) 6 ]Cl 2 + 6 H 2 0 

NiCl 2 + 6NH4OH -► [Ni(NH 3 ) 6 ]Cl 2 + 6H 2 0 

Cho them tiep vao do dung dich amoniac bao hoa amoni clorua thi phurc chat 
hexaammin niken clorua se tach ra duoi dang kit tua mau xanh tim. 

Khi cho NH 3 vao dung dich muoi, thoat dau co the tao ra ke't tua cua hidroxit 
kim loai, nhung ngay sau do, khi lugng NH 3 tang len, ket tua do bi hoa tan thanh 
phurc ammiacat: 

Cu(OH) 2 + 4 NH 3 -► [Cu(NH 3 ) 4 ](OH) 2 

Co(OH) 2 + 6NH 3 -► [Co(NH 3 ) 6 ](OH) 2 

Ni(OH) 2 + 6NH 3 -► [Ni(NH 3 ) 6 ](OH) 2 

Trong nhieu truong hop, tac dung cua dung dich muoi v6i NH 3 thubng din tdi 
cac phurc chit co thanh phin khac nhau. Thi du v6i Cu 2+ ngubi ta thiy tao ra 
[CuCNHjXH.Oij] 2 *, [Cu(NH 3 ) 2 (H 2 0) 4 ] 2+ , [CuCNH 3 ) 3 (H 2 0) 3 ] 2+ , [Cu(NH 3 ) 4 (H 2 0) 2 ] 2 *. 

Dua them phan tur NH 3 thur nam vao ciu phoi tri co the thuc hien duoc trong 
dung dich nude nhung dua phan tu NH 3 thur sau vao thi chi thuc hien duoc trong 
amoniac long. 

Doi vdri nhieu kim loai ma phurc chit ammiacat cua 2 trang thai oxi hoa co do 
ben khac nhau nhieu, nguoi ta co the su dung phan ung oxi hoa - khu de tao ra phuc 
co hing s6' ben ldn hon, thf du: 

4CoC1 2 + 20NH 3 + 4NH 4 C1 + 0 2 -► 4[Co(NH 3 ) 6 ]Cl 3 + 2H 2 0 

(hing so ben cua [Co(NH 3 ) 6 ] 2+ la 2,45.10 4 , cua [Co(NH 3 ) 6 ] 3+ la 10 35 ) 

RuCl 3 + 12NH 3(aq ) + Zn-► 2[Ru(NH 3 )g]Cl 2 + ZnQ 2 

Tuong tu nhu amoniac, cac amin ma 6 do nguyen tu N con cap electron chua 
tham gia lien ket cung tao duoc ri't nhi^u phurc chit voi nhieu kim loai chuyen tiep va 
kh6ng chuyen tiep. Xet ve kha nang tao phurc co the phin chia cac amin thanh 3 
nhom: 
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i) Amin beo la amin ma N chi dinh vdi C 3 , dien hinh la cac akylamin nhu: 

MeNH 2 , Me 2 NH, EtNH 2 , C 6 H 5 CH 2 NH 2 , <^)-NH 2 . C nh - . Cac amin nay 
co luc baza Liuyt ldn han so vdi amoniac, chung cung tan tot trong nude 
nen co kha nang phan ting tao phurc tirang tu nhu amoniac. Thi du: 

Cu(OH) 2 + 4EtNH 2(aq) -► [Cu(EtNH 2 ) 4 ](OH) 2 

Cd 2+ + 4MeNH 2(aq) -► [Cd(MeNH 2 ) 4 ] 2+ 

ii) Amin thorn la amin ma N dinh vdi C sp 2 cua nh&n thorn nhu cac amin thorn 
loai RC 6 H 4 NH 2 , naphtylamin C| 0 H 7 NH 2 ,... Luc baza Liuyt cua cac amin loai 
nay yeu hon nhiSu so vdi cac ankylamin, do doi electron 6 nito tham gia lien 
hop vdi nh&n thorn. Vi the kha nang tao phurc cua chung cung kem hon. 

iii) Amin di vong thorn la cac amin ma nguydn tu N la thanh vien cua di vong 
thorn nhu pyridin, quinolin, pyridazin, pyrimidin, pyrazin... Luc bazo Liuyt 
cua cac amin loai nay yeu hon amin beo nhung manh hon nhieu so vdi cac 
amin thorn vi cap electron tu do cua chung khong tham gia vao he lien hop 
thorn. 



pyridin quinolin pyridazin pyrimidin pyrazin 


Ngudi ta tha'y rang cac amin loai nay con co kha nang tao li6n ket 7i-nhan vdi 
ion kim loai khi tao phdc (xem muc 1.3.5). Vi vay, pyridin thudng tao duqc phuc 
chat b£n vdi nhieu kim loai khong kem gi amin beo. Thi du: 

RhCl 3(aq) + 3 Py —-► (Py) 3 RhCl 3 -^—► rr£m^-[RhPy 4 Cl 2 ] 

Trong moi trudng axit manh cac amin bi proton hoa, do do, kha nang tao phuc 
giam manh. Vi vay viec tdng hop cac phuc ammiacat va phuc aminat thudng tien 
hanh trong moi trudng kidm hoac trong dung dich dem, sao cho vin co mot luqng 

amin tu do sinh ra tu can bang: 

+ + 

RNH 3 + h 2 o RNH 2 + H 3 0 

2.2.3. Tong hop phurc cabonyl va phurc photphin bac ba [2, 10] 

Phuc chat chua phd'i tu CO goi la phuc cacbonyl, phuc chua phoi tu la photphin 
bac ba, R-,P, dupe goi la phuc photphin bac ba. Chung la loai phuc quan trong ca v£ 
mat If thuyet lan thuc tiln, vi the hien nay rat dupe chu trong nghien cuu. 

• CO la phoi tu o-cho/n-nhan thudng gap nha't, no tao thanh phde cabonyl 
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thu^n (chi chira 1 loai phdi tu) vdi dai da sd kim loai chuy^’n tidp, con ddi vdi mdt sd 
kim loai khac thi tao thanh phuc cacbonyl khong thu^n (trong bang khdng ghi phuc 
khdng thuln). 


Bang 2.1. 


4 

5 

6 

7 

8 

9 

10 

11 

T 1 

V(CO) 6 

Cr(CO) 6 

Mn 2 (CO)| 0 

Fe(CO) 5 

Fe 2 (CO) 9 

Fe 3 (CO), 2 

Co 2 (CO) H 

Co 4 (CO)| 2 

Co 6 (CO) 16 

Ni(CO) 4 

Cu 

Zr 

Nb 

Mo(CO) 6 

Tc 2 (CO),„ 

Tc 3 (CO) 12 

Ru(CO) 5 

Ru 3 (CO) p 

Rh 2 (CO)„ 

Rh 4 (CO) 12 

Rh 6 (CO), 6 

Pd 

Ag 

Hf 

Ta 

W(CO) 6 

Re 2 (CO)i 0 

Os(CO) 5 

Os 3 (CO), 2 

Os 6 (CO)j g 

Ir«(CO) l2 

Ir 6 (CO) 16 

Pt 

Au 


Dac diem lien ket cua phuc cacbonyl da dupe xem xet d muc 1.3.5. Tong hop 
phuc cacbonyl true tiep tir kim loai (muc 2.1) chi ap dung doi vdi Fe va Ni. Phuong 
phap chung de tong hop phuc cacbonyl la cho hop chat cua kim loai phan irng vdi 
CO trong dieu kien khu: 

CrCI 3 + A1 +6CO c » h 6-aici 3> Cr(CO) 6 + A!C1 3 

"wci 6 + 2Et 3 Al + 6CO C > H » 0 ^ C » W(CO) 6 + 3C 4 H, 0 + 2A1CI 3 
Re 2 0 7 + 17CO -► Re 2 (CO) 10 + 7C0 2 

Ru(acac) 3 — c — H ~. * - Ru 3 (CO) 12 

J 300bar, 130°C iV nl 

2CoC 0 3 + 2H 2 + 8CO — 1 —-► Co 2 (CO) 8 + 2C0 2 + 2H 2 0 

Trong mot sd trudng hop, tir phirc cacbonyl nay co the dieu che duoc phirc 
cacbonyl khac, thi du: 

„ CHjCOOH, hv 

Fe(CO) 5 -► Fe 2 (CO) 9 + CO 

Fe(CO) 5 + 20H"-► [HFe(CO) 4 ]' + HC0 3 

2[HFe(CO) 4 ] + 3Mn0 2 -► Fe 3 (CO) 12 + 30H“+ MnO 

WCI 6 + 3Fe(CO) s — Ilc W(CO) 6 + 3FeCl 2 + 9CO 

Cac phuc cacbonyl khong thuin nhat (co chua ca cac phoi tir khac) dupe di6u 
che bang phuong phap the (muc 2.3.4) va phiic chat (muc 2.4.1b). 
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• Triphenylphotphin, Ph,P, cung thuoc loai phoi ttr a-cho/rt-nhan, kha nang ct- 
cho thi manh han nhung kha nang 7t-nhan thi yeu hon CO. Mot so phuc vdi 
triphenylphotphin duoc dieu che tir muoi kim loai, thi du: 

RuC 1 3 + Ph 3 P ——-► [RuCl 3 (PPh 3 ) 3 ] -^—► [RuH 2 (PPh) 4 ] 

NaBH 4 , EtOH 

RhCl 3 + R 3 P-[RhCl 3 (PR 3 ) 3 ] [RhHCl 2 (PR 3 ) 3 ] 

§ 

Phuc photphin bac ba con duoc di6u che bang phan ung the (muc 2.3). 


2.2.4. Tong hop phurc chat vdi phoi tu khep vong [11, 15, 16] 

6 muc 1.3.2 da xem xet hieu vtng phoi tri vdng va hieu ung vdng Ian. De t6ng 
hop phdc chat v6i cac phoi tu khep vdng, cin chu y hai va'n de: 

1) Ban chat cua cac nguyen tir cho (O, N, C hay S...). 

2) Co vong do chung tao ra v6i kim loai. 

Va'n dfe thu: nha't da duoc xem xet 6 muc 1.3.1, o day xet chi tiet va'n d£ thur hai. 
• Phuc vdng 3 canh thudng hiem gap, thi du: 




,C—R 


M 


M 


NR, 


C—R 




CH, 


6 trudng hop nay, ngucri ta cho rang su tao thanh lien ket 3 tarn dong vai tro 
quan trong trong su tao phurc. Vi the cac phuc loai nay khong thuoc loai phuc vong 
thong thuong ma chung ta da xet o muc 1.3.2. 


• Phifc vdng 4 canh cung it gap bdi vi goc giua cac lien ket trong chung bi sai 
lech qua lorn so vdri cac goc hoa tri cua cac nguyen tu a phoi tu cung nhu 6 nguyen tu 
trung tarn. Thi du, a ion cacboxylat, goc giua 2 nguyen tir oxi la 120° vi the chung it 
khi tao ra phurc vong (2.Va) ma thudng dong vai tro lam cau noi giua 2 ion kim loai 
(2.Vb). Tuy nhien or phoi tir chua P hoac S kha nang tao phuc 4 canh tang len dang ke 
(2.Vc, 2.Vd, va 2.Vc). 


\ / 1 1 

\ / -M- -M- 

M 

/ \ 1 1 

\ / 

M 

/ \ 

\ / 

M 

/ V 

\? V/ 

V s 

V 

1 

1 

1 

/\ 

R 

R 

R—N-R 

RO OR 

(2.Va) 

(2.Vb) 

(2.Vc) 

(2.Vd) 

Ngudi ta da chung to 

rang d phuc kim loai (2.Vc) 



Ph 2 P> 

Cl^ 


/PPh 3 

PPh 3 


H 


(2.Ve) 
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lien ket n do mat dd electron n cao a S chuy^n tdi ion kim loai. CJ phuc (2.Ve) co su 
tao lien ket n giura ion trung tarn vdi P va nhan benzen dinh true ti£p vdi kim loai. 


• Ph&c vong 5 canh rat di duac hinh thanh. Nhu da biet, goc hoa tri 6 cac hop 
chat huu co no la -109,5°, 6 cac lien d6i la -120°, con goc hoa tri 6 kim loai s6 ph6i 
tri bat dien va vubng phang la 90°, phb'i tri tir di£n la 109,5°. Khi tao phuc vong cang 
5 canh, phb'i tu va ion trung tarn se d6 dang thu xep nhung ca'u true khbng phing 
hoac phang sao cho cac goc,tao ra ft sai khac so vdi cac goc hoa tri doi hoi. Thi du, 
neu dua vao d6 dai lien ket C-C, C-N va Co-N da biet, va cac g6c hoa tri 6 C va N 
trong etilendiamin la 109,5° thi ngucri ta tinh duac goc NCoN 6 phuc [Co(en),]'* la 
86,2° chi sai khac vdi goc doi hoi (90°) la 3,8°. Ket qua nhi6u xa tia X cho thay goc 
NCoN la 87,4° da hoan toan xac nhan di6u do. Chu y rang vong 5 canh trong truang 
hap nay la kh6ng phang, 1 nguyen tu C n4m l6ch len phia tren con nguyen tu C kia 
nam lech xudng phia dudi cua vong (c6ng thuc (2.Via)). 

Trong truerng hop vong 5 canh la phang, nhu a cac phire vdi dimetyl glyoxim 
[M(dmg) 2 ] (c6ng thuc (2.VIb)), ngubi ta nhan tha'y cac goc NMN cung khong sai 
lech qua nhieu so vdi 90°. 



2.Via 


M 


a =87,4° 


o' 

1 

P| 

1 

°x 

M 

a 

\\ // 

Co 3+ 

00 

o 

/ C - C 

Ni 2+ 

00 

o 

o 

H 3 c ch 3 

Cu 2+ 

79.5 

(2.VIb) 

Pt 2+ 

o 

m 

oo 


Cac ph6'i tu day beo kh6ng chda h6 lien hop thuang tao vong 5 canh kh6ng 
phang de giam cac ca'u dang che khua't, thi du: cac axit a-aminocacboxylic, axit 
a-hidroxycacboxylic hoac cac loai 1,2-diamin, 1,2-diol, 1,2-dithiol: 


-C—NH 2 

I 

-C—NH, 


C—OH 
1 

C—OH 


-C—SH 

I 

-C—SH 


-C—SH 

I 

-c —nh 2 


R-HC—C=0 


R-HC—C=0 
NHjOH OH OH 

Cac phoi t£r chtia 2 lien ket doi lien hap thi tao vong nam canh phang. thi du: 


R 


HO- 


^c —or 

// w 

N N- 

a - glyoxim 


R 


'OH 


R -C-C- R 

/ 

0 N-^ 


R 

din xuat cua a -dixeton 


HO—C—C—OH 

ll II 

o o 

axit oxalic 
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Khi tao phuc a m6i phoi tu neu tren thudng co it nha't 1 nhom - OH hoac - SH 
bi depronton hoa (tach H + ). Vi the c<in chu y den kha nang tach H + tire lire axit tircmg 
ddi cua cac nhom do. Thi du ddi vdi glixerol, lire axit cua nhom OH a cacbon giura 
mach lom horn lire axit cua OH d 2 cacbon dSu match, vi vay khi hinh thanh phurc chat 
thi H + cua nhom OH d giua bi tach ra ciing vdi nhom OH' cua Cu(OH) 2 tao thanh 
phan tu nude: 


„ HO-CH-CH-OH „ 

2 * I + Cu(OH) 2 - 

H 2 C—OH 


H 

hoch 2 -ch-o. ^o—ch 2 

,Cu ^ 


H 2 C—O 
H 


'o-ch-ch 2 oh 


+ 2 H 2 0 


Doi vdi aminoaxit thi nhom -COOH bi tach H + : 

H 2 C-COOH 0=C—O. H;N-CH 2 

2 | + Ni(OH) 2 -^ + 2 H 2 0 

nh 2 H 2 C—NH 2 —c=o 


Trong khi tat ca cac muoi oxalat trung tinh cua cac kim loai (trir kim loai kiem) 
ddu khdng tan trong nude, thi cac phuc chat cua chung lai tan tot. Chinh vi vay 
chung toi da dieu che mot so phurc oxalat de pha thanh cac che pham tao mau cho 
granit bang cong nghe in ludi, thi du da didu che duoc cac phuc oxalat (2.Vila), 
(2.Vllb). C) phurc (2.VIIb) ion oxalat khdng chi tao vong 5 canh vdi ion kim loai ma 
con dong vai tro c£u noi tao ra phurc da nhan [17]. 



. nH 2 0 


(2.VIIa) 

M = Cr, n = 2,5 


M = Fe, n = 3 





. 5H 2 0 


(2. Vllb) 
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Cac hgp chat tham vdi 2 nhom the a vi tri ortho cung thirdng dong vai tro tao 
phutc vong 5 canh dang phang: 

HO OH HO SH HO N= HS N— NHNHCOR 

5 5 5 0 1 / 

catechol o-mecaptophenol (N = thudc nhom azo hoac azometin) 


, Dirge su dung nhieu trong phan tfch la cac hgp chat chura vong pyridin. Chung 
tao (phutc chat b6n vdi kim loai chuyfen tiep va nguyen t6 da't hiem [ 4 , 126 ]: 




2 ,2' - dipyridin 


N N ! 

1 ,10- phenantrolin 8 - hidroxiquinolin 8 - mecaptoquinolin 


Cac nhom -OH, -SH 6 cac phdi tu neu tren khi tao phiic co thfe chuyfen thanh 
-C) _ , -S” de tao ra cac phutc trung hoa. Vi the khi tong hgp phutc chat can phai chu y 
den pH cua moi truremg. Chang han 8-hidroxiquinolin (HOQ) co th£ tao phde vdi rat 
nhieu ion kim loai, khi do prQton_cua nhom OH bi thay the bdi ion kim loai, vi the co 
the chgn pH thich hgp de tang tinh chgn lgc: 



+ 2 H + + 6 H 2 0 


Bang each thay doi pH va ti le cac chat tham gia phan dng chung toi [ 18 ] da 
tdng hgp dirge cac phde cua Pt(II) co ca'u tao khac vdi muoi noi phutc da biet [Pt(OQ) 2 ] 
la [Pt(HOQ) 2 ]Cl 2 , [Pt(HOQ)Cl 2 ] va ca K[Pt(OQ)Cl 2 ]: 



(2.Villa) 


( 2 . VUIb) 


( 2 .VIIIc) 
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• Phitc vong 6 canh rat thudng gap, va cung ph6 bien nhu dang vong 5 canh. 0 
cac phirc chat do, cac phoi ttr no co the ton tai a c£u dang sao cho dam bao dirpc cac 
goc lai hoa sp 3 cua chung va goc hoa tri cua kim loai. Chang han, cac phoi tut loai 
trimetylendiamin thirong tao ra phdc voi vong 6 canh 6 dang ghe (2.IXa) hon la 6 
dang thuyen (2.IXb) : 



(2.IXa) (2.IXb) 

Cac hop chat chira he lien ket doi lien hgfp nhu axetylaxeton va dan xua't, cac 
vong thorn voi 2 nhom tao phurc 6 vi trf 1,2 cung deu la nhung phoi ttr tao vong 6 
canh, da so 6 dang phang, thi du: 



Cung tuong tu nhu voi cac phoi tu voi 2 nguyen tu cho da neu 6 tren, su tao 
phuc voi cac phoi tu 3, 4,... nguyen ttr cho se thuan loi neu cac vong duoc tao ra giua 
phoi tu va kim loai thuoc loai 5 hoac 6 canh [4, 127, 128, 129]. 

• Phoi tu dung luang 3 

Phoi tu dung luong 3 co the thu6c loai d6 uon nhu dietilentriamin (dien) hoac 
bis(3-dimetylasinylpropyl)metylasin (triars). M6i phoi tu loai nay co the tao ra 2 
vong khi phoi tri, thi du: 


H2NCH2CH 2 HNCH 2 CH 2 NH 2 

(dien) 

^CH 2 CH 2 As(CH 3 ) 2 

CH 3 As 

( t riarsr CH ^ CH ^ As(CH ^^ 



Jilt, 


,> M V 


N 


[M(dien)L 2 ] 



[M(triars)L 2 ] 
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PhPi tu dung lucmg 3 vdi hd lidn hop nhu axylhidrazon cua adehit salixylic 
hoac terpyridin (terpy) thi thuong tao phtic ma 3 nguydn tu cho va ion kim loai cung 
nim tren mpt mat phang (phPi trf phing): 



• Phoi tu dung luong 4 mach hd 


Co mot so phPi tu mach ho dung luong 4 duoc dung la: 


—NH NH-1 

-nh 2 h 2 n—* 

(2.Xa, trien) 



-NH NH-1 

-NH 2 h 2 n * 

(2Xb) 


X 

A\ 

i i i 

Y Y Y 
(2Xc) 


X = N, P, As 
Z = [CH 2 ] 2 , [CH 2 ] 3 
Y = NR 2 , PR 2 , AsR 2 


N[CH 2 CH 2 NH 2 ] 3 P[o-C 6 H 4 -PPh 2 ] 3 N[CH 2 CH 2 PPh 2 ] 3 
(tren) np 3 (QP) 


N[CH 2 CH 2 SCH 3 ] 3 

(TSN) 


Phoi tit loai (2.Xc) duoc goi la phoi tut 3 chan. Cac ph6i tir 3 ch^n nay dac bidt 
thfch hop de tao phiic voi cac ion kim loai mang dien tfch Y ph6'i trf kieu chop tarn 
giac kep hoac chop da dien khac, thf du: 



Can chu y la cac phoi tu 3 chan trong 2 phuc tren deu chiem 4 vi trf phoi trf tuc 
la chung la cac cac phoi tu dung lucmg 4. 


• Phoi tut dung lucmg 4 loai baza Shift co kha nang tao phurc voi nhieu kim loai. 
Chung co ca'u tao rat da dang nhung diem chu yeu la nhom imin N=CH dupe h6 trp 
boi mot nhom -O' hoac -S' 6 vi trf y de tao dupe dang vong 6 canh voi mat dp 
electron cao: 
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r \ 


/-\ 

>=*V ,** N: 

HC M 

^o- 

R 


(2.XIa) 




CH 


R 





(2.XIc) 


Da so cac phirc loai nay c6 cau true phang. Phirc (2XIc) tirng la d6'i tuong de 
nghien curu su van chuyen oxi do no co kha nang ket hop vdi O z vao dinh tu do cua 
bat dien r6i lai tra lai O, trong dieu kien khac (chang han khi th6i nito vao): 

[CoL] + 0 2 = [Co(0) 2 L] 


• Phoi tifdung luang 4 loai axit hidroxycacboxylic. 

Axit tactric (axit nho) va axit xitric (axit chanh) la 2 axit hidroxycacboxylic co 
trong thien nhien va cung la cac axit co kha nang tao phirc vdi nhi6u kim loai. 

COOH 


HOOC— CH— CH— COOH HOOC— CH 2 CH CH 2 — COOH 

I t : 

OH OH OH 

axit tactric axit xitric (limolic) 


Axit tactric thuong ph^m co the b dang (+) tactric, dang (-) tactric, dang (+, -) 
tactric (h6n hop raxemic) hoac b dang mezo-tactric. Chung khac nhau v& goc quay 
mat phang anh sang ph&n cue nhung kha nang tao phirc thi co ban la giong nhau. Khi 
tao phirc chung co th£ dong vai tro la phdi tu dung luong 2, 3 hoac 4 tuy thuoc vao 
ban chat cua kim loai va vao pH cua moi trudng. Hon the, chung con co the dong vai 
tro cau nd'i giua cac ion kimjoai d e tao ra cac ph irc chat da nhan. Vi v&y viec xac 
dinh edng thirc ca'u tao cac phtic chat cua chung vdi kim loai thudng gap nhieu kho 
khan, phirc tap. Ching han Fe 3+ tao vdi axit tactric hang chuc phirc chat don nhan, da 
nhan, thi du: 
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(Fe 3+ : Na 2 C 4 H 4 0 6 = 2:3) 


Tuong tu axit tactric, axit xitric khi tao phtic co th£ ph6i tri 6 nhom COOH, 
OH, COO" va nhom O". Phtic chat tao thanh co th£ la don nhan hoac da nhan. 





De dieu che cac phuc tactrac va xitrat co the dung axit tactric, xitric hoac cac 
muoi Na, K cua chung. pH cua moi trirdng phan ung co anh hudng quyet dinh den 
cau tao cua phuc chat. Nguon cung cap ion trung tam co the dung la muoi hoac 
hidroxit cua kirn loai. Phuc chat tao ra co ca'u true ra't da dang tuy thuoc vao chat dau 
va dieu kien tong hop chung. 

Thi du, tir FeCl 3 , Na 2 C 4 H 4 0 6 va Na 2 C0 3 chung toi thu duqc phuc FeTl; tit 
FeCl 3 , H 2 C 4 H 4 0 6 va KOH chung toi thu duqc phuc FeT2; tir FeCl 3 va H 2 C 4 H 4 0 6 
chung toi thu duqc phuc phurc FeT3 [18]. 
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K, 


o=c o 

I H 
HC—O- 
I 

HC—OH. 
0=C—O' 


;Fe" 


,0-0=0 

-o— CH 

I 

HO—CH 

P—c=o 


2 H :0 


(FeT3) 


(FeT2) 

Cho CoCl 2 tac dung vdi axit tactric trong moi trurcmg ki6m, chung toi [19] thu 
duac phtic chat CoTl, vdi natri xitrat (Na 3 C 6 H 5 0 7 ) thu duqc phtic chat CoCl, cho 
MnCl 2 tac dung vdi natri xitrat thu duac phtic chat MnC: 


K, 


0=C—O v 
HC—O- 


H?- 0 / 

o=c—o 


:co 


,OHt 


\ 


OH, 


H 2 0 Na 4 


H,C- 


-COO 


}JU\ 


oocch 2 

.ooc^ / 


^COO' 

ch 2 coo ' 


„co- 


'O' 
H 

ooc- 


'C 


-CH, 


(CoT,) 


(CoCl) 



(MnCl) 


Dang chu y la khi cho KMn0 4 phan ung vdti axit tactric hoac axit xitric chung 
toi da thu duac phiic chat tactrat va xitrat cua Mn 2+ , MnTl va MnC2. Khi do da xay 
ra phan ung oxi hoa khu giua chung ma ket qua la ion MnO~ bi khu thanh Mn 2+ con 

mot phan axit huu ca thi bi oxi hoa thanh C0 2 va H 2 0, ph£n con lai tham gia tao 
phuc vdi Mn 2+ [19]. 
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Chung t6i da sd dung cac phde chat tactrat va xitrat cua Fe, Co, Mn ke tren de 
tao mau cho granit nhan tao bang c6ng nghd in ludi [18, 19, 20]. Chung co do tan 
trong nude tdt, dung dich cua chung co kha nang tha'm sSu vao xuong gom, sau khi 
nung cac phdi td huu co bi chay h6't, cac hop chat cua kim loai tao ra trong gom Jam 
cho gom co cac mau s4c khac nhau. 

• Phoi tti dung luang 5 va 6 

Phdi td dung luong 6 duoc sd dung dau tien trong chu^n dd tao phde thude loai 
hexamin (H 2 NCH 2 CH 2 ) 2 NCH 2 CH 2 N(CH 2 CH 2 NH 2 ) 2 . Nhung no chi tao phde bdn vdi 
cation cua mdt sd' kim loai nhu Co, Ni, Cu, Zn, Cd, va Hg. Nguac lai EDTA 4 ” va 
HEDTA 3- lai cd kha nang tao phde b6n vdi hau het kim loai tru kim loai kiem. 


H 2 NCH 2 CH 2 \ 

2 2 2 >nch 2 ch 2 

h 2 nch 2 ch 2 


ch 2 ch 2 nh 2 

ch 2 ch 2 nh 2 


ooch 2 ch 2 . 

-ooch 2 ch 2 > nch 2 ch 2 n 



ch 2 coo 

ch 2 choo 


(EDTA 4 ') 


OOCH 2 CH 2 . 

-ooch 2 ch 2 ^ nch 2 ch 2 n 
(HDTA 3- ) 

Khi tao phuc, 4 proton cua H 4 EDTA bi thay the bdi ion kim loai, do dd h4ng so 
ben cua phde phu thude vao pH. Vi vSy de tong hop phde can chon gia tri pH thich 
hop, chkg han cd the sd dung mdi trudng dem amoni (NH 3 + NH 4 C1) doi vdi kim 
loai ma phde vdi NH-, kem ben hon phde vdi EDTA. 


CH 2 COOH 

ch 2 choo 


102 


• Phdi tu vdng lem [15, 16] 

Phdi td vong ldn dung luong 4 thude loai amin, ete, thioete thudng gap la: 







NHHN 
NH HN 




Phuc cua cac phoi tu loai vong nay thudng ben hem so vdi phuc cua cac phoi tir 
mach ho tuemg ling. Ete [4]-crown chi tao phurc vdi Li + ma khong tao phuc vdi cac 
kim loai kiem ldn hem. 


Phoi tu vdng Idn vdi cac lien ket doi lien hap c6 y nghla het sure quan trong doi 
vdi sir song. Phurc cua porphyrin vdi Mg 2+ (clorophin) trong diep luc to dong vai tro 
quyet dinh trong qua trinh quang hop cua efiy xanh (muc 1.1.2b). Khong kem phan 
quan trong la phurc cua porphyrrin vdi Fe 2+ (goi la hem). Trong hemoglobin phuc 
hem dong vai tro van chuy^n 0 2 tir phoi tdi cac te bao va thu nhan C0 2 tir te bao 
chuyfen ve phoi de thai ra ngoai cor th£. Ngudi ta da tong hop ra cac phoi tu tuemg tu 
porphyrin. Do la porphin (2.XIIa), octaetylporphyrin (2.XIIb) va meso-tetraphenyl- 
porphyrin (2.XIIc) 




H^u het cac kim loai deu phoi trf dupe vdi porphin va porphyrin neu tren. Phuc 
chat cua chung dupe t6ng hpp true tiep tir muoi cua kim loai vdi phoi tu trong cac 
dung moi huu co nhu DMF. Ngudi ta co the dua vao nhan benzen cua 2.XIIc nhom 
SO^H dd lam cho no tan dupe trong nude va tan trong meranol. Phdc vdi cac porphin 
con co the t6ng hpp nhd tuomg tac porphin vdi cac phuc cacbonyl, phtic axetyl- 
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axetonat, phtic hidrua... cua kim loai. 

Phtaloxiamin la phdi tijr loai N 4 vong lom duoc nghien cun sdm nha't. No duoc 
tong hop bang phan ting cua phtalonittrin vdi halogenua kim loai, o day ion kim loai 
there chat dong vai tro nhu "khudn due" d£ cho phan ting xay tao vong xay ra: 



Cac phtic chat loai phtaloxiamin rat b6n nhiet, chung thang hoa trong chan 
khong o 300°C va co cudng do mau rat manh. Chung la nhung chat mau thuong mai 
rat quan trong. 


Loai ph6i tur vong 1cm thich hop d6i v6i ion kim loai ki6m va ki6m tho la ete 
crao (2.XIIIa,b,c) va cryptant (2.XIII.d): 



[15]-Crao-5 [18]-Crao-6 Dibenzo[18]-Crao-6 

(2.XIIIa) (2.XIIIb) (2-XIIIc) 


(2.XIIId) 


2.2.5. Thuc hanh tong hop phire chat tfir cac hop chat don gian cua kim loai 
a. Kali trioxalatoferrat (IV) [18] 

K 3 [Fe(CA) 3 ].3H 2 0 

FeCl 3 + KjC, 0 4 —^ K 3 [Fe(C20 4 ) 3 ] 

Hoa tan 1,61 g FeCl 3 vao 10 ml nude thu duoc dung dich 1. Hoa tan 5.52 g 
K 2 C 2 0 4 vao 30 ml nudre thu duoc dung dich 2. Cho ter tir dung dich 2 vao dung dich 1 
va khua'y lien tuc tren may khua'y. Thoi gian phan ung la 60 phut. Cho rumi tuyet d6i 
vao dung dich phan ting. Tti dung dich xua't hien ket tua. Rua nhanh san ph£m bang 
nude lanh, rua nhieu l^n bang rucru 70° de loai het ion Cl" (kidm tra bang AgNCK). 
Lam kho san pham trong binh htit £m. Thu duoc 3,51 g tinh the mau xanh luc 
K 3 [Fe(C 2 0 4 ) 3 ].3H 2 0. Hieu suat 81,06%. Ket tinh lai san ph£m trong nude. 
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b. Hexaamminniken(II) clorua [22] 

[Ni(NH 3 ) 6 ]Cl 2 

NiCl 2 + 6NH 4 OH —[ Ni(NH 3 ) 6 ]Cl 2 + 6H 2 0 

Them 1 luong dir dung dich amoniac dam dac vao niken clorua den khi hoa tan 
hoan toan niken hidroxit. Loc dung dich phan ung va them vao nude loc tirng luong 
nho dung dich amoniac dam dac da duoc bao hoa bdi amoni clorua va khuay. Sau 1 
thdi gian, loc thu duoc ket tua mau tun xanh. Rua san phdm bang mot luong khong 
ldn dung dich amoniac dam dac va lam khd giua cac td gia'y loc. 

c. Monoaquotrifomatocrom(IIl) [23] 

[Cr(HC00) 3 (H 2 0)].l/3H 2 0 
Cr(N0 3 ) 3 + 3NH 4 OH —► Cr(OH) 3 + 3NH 4 N0 3 1 
Cr(OH) 3 + 3HCOOH —► [Cr(HCOO) 3 (H 2 0)] + 2H 2 0 

Cho 12 g Cr(N0 3 ) 3 .9H 2 0 tac dung vdi dung dich amoniac thu duoc 4,17 g 
Cr(0H) 3 .2H 2 0 (vda mdi dieu che), 7 ml HCOOH 85% (30 mmol) va 50 ml nude 
trong vong 15 gid, d nhiet do 100°C, co lap sinh han hoi luu va khua'y lien tuc. Loc 
dung dich.Td dung dich d£n d^n tach ra tinh the lang tru, mau xanh... Loc rua san 
pheim bang nude lanh, ruou, axeton. Lam khd trong blnh hut £m. Thu duoc 8,4 g 
[Cr(HC00) 3 (H 2 0)].l/3 H 2 0. Hieu suat 50%. Ket tinh lai san ph£m trong nude. 

d. Kali hexacloroocmiat(IV) [14] 


K 2 [OsC1 6 ] 


30s0 4 + 12HC1 + C 2 H 5 OH + 6KC1 


3K 2 [OsC1 6 ] + 9H 2 0 + 2C0 2 


Do 1 g Os0 4 vao binh c^u dung 10 ml HC1 20 %. Them vao binh c£u do vai ml 
ruou etylic va dun nong (co lap ong sinh han nguoc) cho den khi mau vang nhat cua 
dung dich khong bi bien doi thanh mau nau toi nua va sau do bien thanh mau vang 
do. Lam bay hoi dung dich den trang thai xiro va lam lanh td td. Td dung djeh tach 
ra nhung tinh the ldn. Hoa tan tinh the san ph<im trong HC1 sau do them nude vao de 
nong do cua HC1 giam den 7%. De thu duoc K 2 [OsC 1 6 ] ket tua ngudi ta dung dung 
djeh KC1 15 % (la'y mot luong du khong nhieu). Loc rua san pham tach ra bang dung 
djeh HC1 loang va ruou. Ket tinh lai san phtJm td dung dich HC1 loang. 

e. Trinitratotriammincoban(lII) [22] 


[Co(NH 3 ) 3 (N0 3 ) 3 ] 

4CoC 1 2 + 12NaN0 3 + 4NH 4 C1 + 8NH 3 + 0 2 -► 4 [Co(NH 3 ) 3 (N0 3 ) 3 ] + 12NaCl + 2H 2 0 

Cho 9 g CoCl 2 vao 25 ml nude thu dung djeh 1. Cho 10 g NH 4 C1 va 14 g 
NaN0 3 vao 75 ml nude thu dung dich 2. Tron lan 2 dung dich va lam lanh. Them vao 
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h6n hap dung dich lanh tren 50 ml dung dich amoniac 20 %. Sau do sue dong khong 
khi manh vao hdn hop phan ling trong vong 2 gid. Dung dich phan ling co mau nau 
toi. Rot dung dich vao chen sur va de yen vai ngay trong binh hut am den khi the tich 
dung djeh con 1 nua. Loc, rua tinh th£ san phim mau vang tach ra bang nude lanh 
nhi£u ian cho dd'n khi loai het ion Cl' (kiem tra bang dung dich AgNO,). Lam khd 
san ph£m trong khong khi. 

g. Hexaammincoban(lll) clorua [22] 

[Co(NH 3 ) 6 ] Cl 3 

4CoC 1 2 + 4NH 4 C1 + 20NH 3 + 0 2 —► 4[Co(NH 3 ) 6 ]Cl 3 + 2H 2 0 

Hoa tan 24 g CoCl 2 .6 H 2 0 va 16 g NH 4 C1 trong 40 - 50 ml nude va dun nong 
nhe. Them vao dung dich 3 - 4 g bot than hoat tinh (than g6) va 50 ml dung dich 
amoniac dam dac. Sau do sue nhe dong khdng khi qua h6n hop dung dich phan ling. 
(De oxi hoa Co (II) co the dung H 2 0 2 vao h6n hop phan ling theo ti le 2 mol CoCl 2 : 

1 mol H 2 0 2 ). Loc ket tua tach ra cung vdi than. Them vao nude loc 50 - 70 ml nude 
va dun soi de du6i amoniac du. Sau do them 10 - 15 ml HC1 vao hdn hop phan ling. 
Dun nong va loc than ra khoi dung dich nong. Them vao nude loc 400 ml dung dich 
HC1 (d = 1,19) va lam lanh den 0°C. Loc ket tua, rua bang tung lupng nho rupu 
loang, sau bang rupu 96° roi lam khd d 60 - 70°C. 

h. Diclorotetrapyridinrodi(III)clorua [14] 

[Rh(Py) 4 C1 2 ],6H 2 0; M = 633,77 
RhCl 3 + 4Py —► [Rh(Py ) 4 C1 2 ]C1 

Them mot lupng du pyridin vao dung dich nude cua lg RhCl 3 (lay theo ti le 20 
mol pyridin : lmol RhCl 3 ). O diSu kien do, dung dich trong suot. Khi dun nong, no 
chuyen thanh mau vang. D6 dung dich vao binh cau, roi day bang mat kfnh dong h6 
va dun nong tren bep each thuy 2 gid. Khi lam lanh, tu dung dich phan ling tach ra 1 
lupng ldn tinh the hinh lang tru va hinh la lap lanh. Neu them 1 the tich HC1 dam dac 
(bang the tich cua dung dich phan ling) vao dung dich phan ling thi mot lupng san 
pham nua dupe tach ra. Sau khi lam lanh hoan toan, loc, rua tinh the san pham bang 
dung dich HC1 loang (1:1) de dudi Py.HCl, sau rua bang nude de duoi lupng ldn HC1 
tu do di, chat ran dupe ket tinh lai bang mot lupng nude nong toi thieu. Khi lam lanh, 
tu dung dich tach ra mot lupng ldn ket tua. Loc, rua va lam kho san pham trong dong 
khong khi kho va lam khd d 100°C. Hieu suat 90%. 

i . Tong hap phtic chat K 4 [Mn(C 6 Hs0 7 )(H 2 0)3].8H20 [20] 

Hoa tan 31,6 g KMn0 4 trong 200 ml H 2 0. Dun nong dung dich tren bep dieu 
nhiet d£n 50-60 H C. Them tu tu 84g tinh thk axit citric vao dung dich, them ti4p 
1 lj,6g Na 3 Cit, khuiy lien tuc dung dich. Phan ung xay ra manh, toa nhiet, thdi gian 
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phan ung la 1 gicr. Dung dich sau phan urng c6 mau n&u do dam. 

Loc dung dich, cd dac tren bep each thuy. De sau 10 ngay thu dupe tinh the 
mau nau nhat, hinh khoi. Sau khi ket tinh lai thu dupe tinh the mau n&u sang. 


2.3. t6ng hop phctc chAt nhO phAn ctng thay th£ ph6i tC r 

2.3.1 T6ng hop phurc chat dua vao day boat dong phoi tri [1, 13] 

De’ tdng hop cac phurc chat chda cac phdi tir khac nhau, ngudi ta thudng dung 
phan urng thay the' ph6'i tur c6 sSn trong c£u phdi tri bang phdi tu khac. Ta hay xet 
phan dng tdng quat sau: 


MLn 


ML n .,X 


+ 


Hai yeu t6' anh huong de'n can bang trdn la ai luc cua ph6'i tur L, X trong sur tao 
phiic vdi M va n6ng d6 cua chung. 

Sir bien thien nang lupng Gip, AG, doi vdi can bang tren duoc bieu dien nhu sau: 

AG = -RTlnK + RTlv^nai 

o day a, la hoat do cua tieu phan i va Vj la he so ti lupng, v ( duerng doi vdi san pham va 
am doi vdi chat ddu. Neu ta't ca cac tieu phan deu d trang thai tieu chudn (aj = 1) thl: 

AG = AG° = -RTlnK 


Khi xac dinh dupe gia tri K ngudi ta de dang sap xep cac phoi tu theo mot trat 
tu ve ai luc tao phurc vdi ion kim loai. Chang han, doi vdi Pt 2+ va Pt 4+ ngudi ta thu 
dupe "day hoat dong cua cac phoi tri” ma theo do phoi tu dung trude co the day 
phoi tu dung sau ra khoi cdu phoi tri trong dieu kien chu^n: 

PR,, S 2 0 3 ', thioure > I”, SCN” > NOT > Br" > NH 3 , Py, Cl" > H 2 0, HO” > SO 2 ", NO", C10 4 


Trat tu trong day hoat dong phd'i tu neu tren ro rang la khong tuan theo thur tu 
ve lire bazo Bronstet ma phii hop vdi trat tur ve sir phan cue hoa turc la tinh mem cua 
cac phoi tu (muc 1.1.3). Trong sir tao thanh lien ket M - L, ca L va M deu co phan 
dong gop vi the' cac ion kim loai khac nhau dti co cung dien tich cung co ai luc khac 
nhau vdi cung mot phoi tu. Thl du ai lire vdi NH 3 cua mot so ion kim loai sap xep 
nhu sau: 

Cu 2+ > Ni 2+ > Co 2+ > Fe 2+ > Mn 2+ 


Chrnh vi vay ma day hoat dong phoi tri cua ion kim loai nay se khac vdi cua 
ion kim loai kia. 

Bdi vi H 2 0 thudng dung cuoi day hoat dong phoi tri chmh vi vay co rat nhieu 
trudng hop phurc chat dupe tao thanh de dang khi cho phd'i tu hoat dong horn nude vao 
dung dich muoi kim loai. Khi do phan ung the' nude bang phoi tu xay ra, thi du: 
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[Ni(H 2 0) 2 ] 2+ + 6NH 3 -► [Ni(NH 3 ) 6 ] 2+ + 6H 2 0 

[Cu(H 2 0) 6 ] 2+ + 4NH 3 -► [Cu(NH 3 ) 4 ] 2+ + 6H 2 0 

Viec thay the phPi tir kem hoat dong bang phPi tir hoat dong hon la thupn lpi do 
AG° < 0, vi the no dupe thuc hien db dang va dupe gap pho bien doi vdti moi kim loai, 
thi du: 

K 2 [PtCl 4 ] + 4KCNS-► K 2 [Pt(CNS) 4 ] + KC1 

cis - [Pt(NH 3 ) 2 Cl 2 + 2NaN0 2 -► [Pt(NH 3 ) 2 (N0 2 ) 2 ] + 2NaCl 

trans - [Pt(NH 3 ) 2 Cl 2 ] + 2NaN0 2 -► [Pt(NH 3 ) 2 (N0 2 ) 2 + 2NaCl 

K 2 [PtCl 4 ] + 2KN0 2 -► K 2 [Pt(N0 2 ) 2 Cl 2 ] + 2KC1 

[Pt(NH 3 ) 4 Cl 2 ]Cl 2 + KN0 2 -► [Pt(NH 3 ) 4 N0 2 Cl]Cl + KC1 

Na 3 [Rh(N0 2 ) 6 ] + 2Py + NH 4 C1-► NH 4 [RhPy 2 (N0 2 ) 4 ] + 2N0 2 + NaCl 

Co nhibu trucmg hop c£n phai thay thP phPi tu hoat dong hon bang phoi tir kem 
hoat dong hon. Khi do ngucti ta van dung nguyen It Lo Satolie bang each dung mot 
lupng du lctii phoi tu c£n dua vao ciu phoi tri, giam n6ng dp phoi tu c£in loai khoi c£u 
phoi tri hoac ket tua phurc tao thanh d£ tach no ra khoi can bang... Ta co the tha'y ro 
dibu nay qua cac thi du thd' Cl” bang SO;' hoac H 2 0 sau day: 

Cho [Co(NH 3 ) 5 C1]C1 2 tac dung v6i H 2 S0 4 dac dun nong tren bep each thuy d£ 
duoi HC1 trong vong 4 gicr. Lam lanh ngucti ta thu dupe phurc ket tinh 
[Co(NH 3 ) 5 S0 4 ]HS0 4 . h 2 o. 

Hoa tan 10 g [Co(NH 3 ) 5 C1]C1 2 vao 75 ml H 2 0 va 50 ml dung dich NH 3 10%. 
Khua'y manh. Sau do trung hoa h6n hop phan ling bang axit oxalic ngubti ta thu dupe 
ket tua [Co(NH 3 ) 5 H 2 0] 2 C 2 0 4 .4H 2 0. 

2.3.2. Tong hop phurc chat dua vao day anh huong trans [24, 25] 

I. I. Tremhiev la ngubti d£u tien nbu lbn anh huong manh cua phPi tir trong cdu 
phoi tri den t6'c dp the phoi tu 0 vi tri trans (tire la lam yeu lien ket d vi tri trans). 
Cac ket qua nghien cuu tiep theo da dupe due ket thanh "quy lupt anh huong trans” 
ma npi dung co ban cua no la: doi vdti phurc vuong phang va bat dien cua Pt 2+ . Pt 4 \ 
Pd 2+ , Ir 3+ , Rh 3+ , Co 3+ va mpt so ion kim loai khac, hieu ung trans (hieu urng lam yeu 
lien ket o vi tri trans ) cua cac phoi tir giam theo trat tu sau: 

CO * CN " * QH 4 > R 2 S> PR 3 ; H"> CHJ > C 6 HJ> N0 2 >I~> SCN"> 

>Br”>Cr>F"> Py> RNH 2 > NH 3 > H 2 0 
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Co the minh hoa cho hieu irng trans bang thf du vi phan ung cua cac chat dong 
phan sau: 

C 2 H 4 -— , Br 


C 2 H 4 \ ^Br 

. PtC 


H 3 N‘ 


'Cl 


C 2 H 4 \ ^C 1 
_ 

H 3 N Br 


/• Pt x 

Cl nh 3 


(I) 


(II) 


(III) 


Vdi dung dich AgN0 3 , phirc I cho ket tua AgCl, phirc II cho ket tua AgBr con 
phirc III khong phan irng. R6 rang rang etilen co hieu irng trans manh nha't, no lam 
yeu lien ket 0 vj trf trans khien cho cac phoi tu d vi trf trans de dang bj the bang cac 
phoi t£r khac. 

Hieu irng trans duoc van dung rat htru hieu trong tong hop cac phirc vuong 
phang va phirc bat dien, chang han, de lira chon con dudng tong hop cac d6ng phan 
cis- va trans-[Pt(NH 3 ) 2 Cl 2 ]: 


De dieu che dong phan trans, ngudi ta cho [Pt(NH 3 ) 4 ] 2+ tac dung vdi Cl . Ion 
CF thur hai uu tien the vao vi trf trans so vdi Cl chir khong phai vi trf trans so vdi 
NH 3 : 


NH 

H 3 N' 


3\ _-NH 3 

NH, 


2 + 


cr 


-nh 3 


nh 3x Cl 
h 3 n 'NH 3 


cr 

-nh 3 


nh 3 ^ ci 

jpC 

cr 'nh. 


De tong hop dong phan cis, ngudi ta cho [PtClJ 2- tac dung vdi amoniac. Sau 
khi phan tu NH 3 thir nhat the vao cau phdi trf, phan tir NH 3 thir hai se the vao vi trf 
trans so vdi clo chir khong phai vi trf trans so vdi NH 3 : 


r «i 

2" 

r 1 

_ 

CK c , 

cr 'ci 

nh 3 

Cl \ nh 3 

cr 'ci 

NH, 

- cr 

- cr 


* 


C1 \ ^nh 3 
cr nh 3 


crs-diammindicloroplatinat(II), ten thuorng mai la cisplatin, co tac dung kim 
ham rat manh su phat trien cua te bao ung thu vi the no duoc su dung rong rai trong 
chua tri cac benh khoi u. Dong phan trans khong co hoat tfnh do. Cisplatin dieu che 
theo phuomg phap tren van co lin mot luong dang ke dong phan trans rat kho tinh 
che nen khong dap ung duoc tieu chuan lam duoc lieu. Trong patent cua R. N. Rhoda 
[26], tac gia phai di qua phdc chat vdi phdi tu la iot, vi iot co anh hudng trans manh 
hon nhieu so vdi clo, nen thu duoc cisplatin sach hon: 

K 2 [PtI 4 ] + 2NH 3 -> c/s-[Pt(NH 3 ) 2 I 2 ] + KI 
[Pt(NH 3 ) 2 I 2 ] AgNOl » [Pt(NH 3 ) 2 (H 2 0) 2 ](N0 3 ) 2 [Pt(NH 3 ) 2 Cl 2 ] 
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Sau nhi^u nam nghifen curu, chung t6i da tim dupe phuang phap tdng hap 
cisplatin tinh khiet bang each bao ve vi tri cis trong qua trinh phan ung. 

Ngubi ta nhctn thSy ring cac phuc czs-diamin khong dong nh&t (chura 2 amin 
khac nhau) cua Pt(II) cung co hoat tinh kim ham te bao ung thu, co trirang hop con 
manh han cisplatin. Tuy nhien, viec dibu che cac phuc c/s-diamin khong d6ng nh&t 
con kho khan han so vdi dieu che cisplatin. V&n dung quy luatt anh huang trans, con 
duang hap li de tong hap cac phuc c/s-diamin khong d6ng nha't cua Pt la: 

K 2 [ ptC1 4 ] K[PtAmCl 3 ]-^p m-[PtAmAm'Cl 2 ] 

(phuc monoamin) (phire cis - diamin h6n tap) 

Chat chia khoa va cung la chat kho tong hop nhat la phuc monoamin, bai vi 
tuang tac cua K 2 [PtCl 4 ] vdi amin co the dan den nhi^u san pham khac nhau. Thu 
nhat, phan ung luon co xu huang tao ra phuc diamin trung hoa de tach ra khoi m6i 
trubng phan ung: 

[PtCl 4 ] 2+ + 2Am -► [PtAm 2 Cl 2 ] 

Thuf hai, khi tien hanh phan ung trong moi trudng axit de giam n6ng do cua 
amin tu do, thi hieu suat phire monoamin tang len nhung no lai bi tach ra vai c&u 
ngoai la ion phire: 

K 2 [PtCl 4 ] + 2Am + HC1-► (AmH) + [PtAmCl 3 ]‘ + 2KC1 

Thu ba, phire monoamin la phire dien li nen tan tot trong nude, viec tach chung 
ra khoi h6n hap sau phan ung luon la viec kho khan. Han the, viec tinh che phuc 
monoamin bang each ket tinh lai cung phuc tap vi a nhiet do cao rat de xay ra phan 
ung tao phire diamin: 

2K[PtAmCl 3 ]-► K 2 [PtCl 4 ] + [PtAm 2 Cl 2 ] 

Trong nhieu cong trinh, chung toi da gop ph£n hoan thien viec tong hop cac 
phuc monoamin cua Pt(II) ma amin l£n luot la: NH 3 , MeNH 2 , EtNH 2 , Py [27. 28]. 
Trong so do nhung mono amin duqc tong hop Mn driu tien la: K[Pt(quinolin)G 3 ] 
[29], K[Pt(peperidin)Cl 3 ] [30], K[Pt(mopholin)Cl 3 ] [30], K[Pt(RC 6 H 4 NH 2 )Cl 3 ] veri 
RC 6 H 4 NH 2 la o-, m-, p-CH 3 C 6 H 4 NH 2 . Cho cac monoamin dieu che duqc phan ung veri 
cac amin beo, thorn, di vong khac nhau, chung toi da thu duqc nhung day czs-diamin 
h6n tap^khong thu<in) sau: 

• Cis- [Pt(Quinolin)AmCl 2 ] vai Am la: MeNH 2 , EtNH 2 , Me 2 NH, Et 2 NH. 
C 6 H,,NH 2 (xiclohexylamin), OC 4 H g NH (mopholin), C,H 10 NH (piperidin), C 6 H 5 NH 2 , 
C 6 H,CH 2 NH 2 , /?-MeOC 6 H 4 NH 2 , o-MeOC 6 H 4 NH 2 , m-MeOC 6 H 4 NH 2 , p- MeC 6 H.NH 2 , 
C 6 H 5 NHMe, C 6 H 5 NMe 2 [31, 32, 33, 34, 35], 
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• C/s-[Pt(mopholin)AmCl 2 ] v6i Am la: C 6 H 5 NH 2 , o, p-MeC 6 H 5 NH 2 , 
p-MeOC 6 H 4 NH 2 , p-EtOC 6 H 4 NH 2 , piridin, quinolin, QH 5 CH 2 CH 2 NH 2 , 
a-naphtylamin, MeNH 2 , Me 2 NH, EtNH 2 , Et 2 NH [36, 37, 38]. 

• C/5-[Pt(Piperidin)AmCl 2 ] v6i Am la: C 6 H 5 NH 2 , o, m, p-MeC 6 H 4 NH 2 , 
o, m, p-MeOC 6 H 4 NH 2 , ra-HOC 6 H 4 NH 2 , p-EtOC 6 H 4 NH 2 , a-naphtylamin, pyridin, 
C 6 H 5 CH 2 NH 2 , C 6 H 5 CH 2 CH 2 NH 2 , MeNH 2 , Me 2 NH, EtNH 2 , Et 2 NH [39, 40, 41, 42, 43]. 

• Cts-[PtPyAmCl 2 ] vdi Am la: C 6 H 5 NH 2 , o, m, p-MeC 6 H 4 NH 2 ; o, m, p- 
MeOC 6 H 4 NH 2 [44, 45, 46]. 

• C/s-[Pt(C 6 H 5 NH 2 )AmCl 2 ] v6i Am la: o, p-MeC 6 H 4 NH 2 ; C 6 H 5 CH 2 CH 2 NH 2 , 
C 6 H 5 CH 2 NH 2 , C 6 H 5 NHMe, C 6 H 5 NMe 2 , naphtylamin, 3,5-dimetylpiridin, 
8-hidoxyquinolin [47, 48]. 

Chung toi nhan tha'y rang phan umg the clo trong ion phtic [PtAmCl 3 ]‘ boi cac 
amin beo bac 1 va bac 2 (MeNH 2 , EtNH 2 ...) va cac amin di vong nhir pyridin, 
quinolin... xay ra d6 dang hern so v6i cac amin thorn o, m, /?-RC 6 H s NH 2 . Cac amin 
beo bac 3 nhu Me 3 N, Et 3 N, C 6 H,NMe 2 hSu nhu khong tham gia phan umg, trong khi 
do cac amin 16n nhu quinolin, a-naphtylamin lai tham gia phan ung binh thubmg. 
Bang phuong phap pho cong huong tCr hat nhan (muc 6.5.1, 6.5.2), chung toi da 
chung to rang cac nhan thorn nhu pyridin, quinolin naphtalen do co cau tao phang 
nen khi n4m vuong goc v6i mat phang pho'i trf cua Pt(II) thi khong gay can trd khong 
gian doi v6i cac nhom the 0 vi trf cis, con cac amin beo bac 3 do ca'u true c6ng kenh 
khong phang nen kho the vao vi trf cis so v6i cac amin khac. 


Mot phoi tu khong nhung co anh huctng den phoi tu 6 vi trf trans ma con co 
anh huong den ca pho'i tu o vi trf cis so vdi no. Vf du: t6'c do the mot Cl hoac Br bang 
NH, hoac Py o phurc K 2 [PtX 4 ] nho hon o phurc K[PtAmX 3 ], (X = Cl, Br), (Am = NH 3 , 
Py) khoang 3 -5- 6 lan [56]. Dieu do cho tha'y phoi tu amin da lam cho Cl, hoac Br o vi 
trf cis d6 bi thay the hon (linh dong hon), do chfnh la anh huong cis. Tu viec he 
thong hoa cac du kien thuc nghiem co lien quan, A. A. Ginber va Yu. I. Kukuskin 
[57] da thie't lap duqc day anh huong cis doi v6i phirc cha't cua Pt(II) nhu sau: 

Me 2 SO > Et 2 SO > Pr 2 SO ~ Et 2 S * Py > NH 3 > CP > C 2 H 4 


Neu so sanh vdi day anh huong trans cua I. I. Chemyaev ta tha'y C 2 H 4 co anh 
hudng trans vao loai manh nha't (dutng hang d^u day anh huong trans) thi lai la pho'i 
tu co anh huong cis vao loai yeu nha't. 


Can luu y rang phan ling the pho'i tu chju su chi pho'i cua nhi6u yeu to'. Qui tac 
anh huong trans thuong duqc van dung trong trudng hop co su lua chon giua 2 vi tri 
(cis hoac trans) 6 cung m6t phan ung chti khong ph^ii giua hai ph&n ung khac nhau. 


Ill 


Vi du: 


6 phan ling the Cl trong muoi Xayze bang amin, do C 2 H 4 co anh hudng irans 
manh han nhieu so vdi Cl nen nguyen ttr Cl a vj trf trans so vdi C 2 H 4 bi thay the con 
nguyen tu Cl d vi trf cis thi hau nhir kh6ng bi the: 


K 


H,C 


/A 


CH, 


Cl 


Pt' 


,C1 

Cl 


Am 
- KCl' 


/A 


CH-) 


H?C 
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Cl 
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CH, 


H,C 


Am 


/ 


Pt 



(San ph£m chfnh) 


(Kh6ng thu duoc) 


Am = NH 3 , MeNH 2 , Me 2 NH, Py.... 

CJ phan ling cua muoi Xayze vdi olephin khac thi chfnh etilen bi thay the bdi 
olephin kho bay hoi han [59]: 


K 


/ C1 

h 2 c pr 

or ci 


+ RC 6 H 4 CH=CH 2 —I 
R : H,CH 3 ,C1,N0 2v 


chc 6 h 4 r 

H 2 c<< a 

cr Am 


+ ch 2 =ch 2 | 


Yeu to chi phoi hudng cua phan ling tren la sir d6 bay hoi cua etilen. Sau khi bi 
dAy ra khoi phirc chat,etilen (the khf d dieu kien thudng) thoat ngay ra khoi h6n hop 
phan urng, con RC 6 H 4 CH=CH 2 thi d the long, vi vay can bang dich chuyen lien tuc 
4 . sang phai lam cho phan urng xay ra hoan toan. Khi cho "etilen nang" (C 2 D 4 ) tac dung 
vdi muoi Xayze cac tac gia cdng trinh [60] tha'y thu ducrc san ph^m phan ung the 
C 2 H 4 bang C 2 D 4 nhung da khong thu duoc san phim the Cl bang C 2 D 4 . 

Khi cho cac aryl olephin nguon goc thien nhien nhu metyleugenol, safrole tac 
dung vdi muoi Xayze, chung toi cung chi thu duoc cac phtic chat ma etilen bi thay 
the bdi cac arylolefin do (cong thuc xem d muc 6.5.3, vf du thuc hanh xem d muc 
2.3.4.m). 


2.3.3. Thay the phoi tu nhd hieu urng phoi tri vong [15, 16] 

Nhu da biet, cac phirc chat vong thudng ben hon phdc khong vong tuong urng 
(hieu ting phoi trf vong, muc 1.3.2). Vi vay cac phoi tu khep vong da dang thay the 
cho cac phoi tir khdng tao vong. Thf du trong cac trucmg hop sau, phoi tir khep vong 
da dang thay the het cac phoi tir dung lucmg mot trong cau phoi trf (xem tien hanh cu 
the d thf du thuc hanh muc 2.3.4). 
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H 2 NCH 2 CH 2 NH 2 r _ - h 2 nch 2 ch 2 nh 2 
K 2 [PtCl 4 ]—--- » [PtenClJ-► [Pten 2 ]Cl 2 

[Co(NH 3 ) 5 C1]C1 2 + 3H 2 NCH 2 CH 2 NH 2 -► [Coen 3 ]CI 3 + 5NH 3 

Na 3 [IrCl 6 ] + 3 H 2 NCH 2 CH 2 NH 2 -► [Ir(en) 3 ]Cl 3 - -»• [Iren 3 ]I 3 

Cac phoi tu tao duoc phiic chat vong bdn hem cung thuomg dd dang thay the cac 
phoi tu tao phurc chat vong kern ben. Chang han, chat mau azo chiia cac nhom tao 
phiic vong duoc dung lam "chi thi", chung tao phiic mau v6i ion kim loai. Khi chuan 
do complexon, EDTA (etilendiamintetraaxetat) tao phiic vong b6n hon v6i ion kim 
loai, day chat mau azo ra lam cho mau dung dich thay doi [53]. 

Khi ngat (tach loai) anion phoi tri vdi kim loai, neu dung moi khong co kha 
nang phoi tri thay cho ion do thi thuomg xay ra phan ling tao phiic dong vong boi cac 
phoi tur co dung luong 2 co mat trong c£u phoi tri [61]. Vi du: 


/\^ OMe 
Ph 2 p \ /Cl 

Ph 2 i^ x ci 
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Neu khong tao duoc phiic vong thi thuomg tao ra phiic da nhan [62, 63], vi du: 


2 R ’ i S<\ 2 AgBF 4 i^ 

R 3 e^ 


R 3 E \ ^er 3 

R 3 E^ ^er 


3 


[BF 4 ]2 + 2AgX 



Ag+, -Agl 
(CHjCy 



2.3.4. Thuc hanh tong hop phiic chat nhfr phan ling thay the phoi tu 

a. Tetraamminplatin (II) clorua [14] 


[Pt(NH 3 ) 4 ]Cl 2 .H 2 0; M = 352, 28 
K 2 [PtCl 4 ] + 4 NH 4 OH [Pt(NH 3 ) 4 ]Cl 2 + 2 KC1 + 4 H 2 0 

Dun nong dung dich K 2 [PtCl 4 ] v6i 1 luong du dung dich amoniac dam dac. Luc 
d£u tao ra kd't tua cua mu6'i Magnuc mau xanh [Pt(NH 3 ) 4 ][PtCl 4 ]. Tiep tuc them dung 
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dich amoniac va dun nong, kdt tua Magnuc se tan d£n. Khi dung dich da trd thanh 
kh6ng mau, lam bay hoi dung djch ddn khi bat ddu xudt hidn tinh thd r6i lam lanh 
dung dich. Loc kdt tua la tinh thd kh6ng mau hinh kim tach ra, rCra bang rumi va lam 
kh6 trong khdng khi, phurc chat chtia 1 phan tu nude kdt tinh. Co thd tach no ra dd 
thu phurc chat khan bang each sa'y phire chat ngam nude d 100°C ddn khdi luong 
khdng ddi. 

b. Diglycolatpaladi (II) [14] 

[Pd(NH 2 CH 2 C0 2 ) 2 ]; M = 254,52 

K 2 [PdCl 4 ] + 2NH 2 CH 2 COOH -► [Pd(NH 2 CH 2 COO) 2 ] + 2KC1 + 2HC1 

Dd dung dich phan ting d nhidt dd phong trong vong 2-3 ngay hoac dun nong 
dung dich ddn nhiSt dd khdng cao hon 30°C. TCr dung dich phan umg co mau nau do, 
tach ra tinh th£ mau vang chura 3 phan tur nude kdt tinh (ddng phan cis ). Loc thu tinh 
th£ san pham va lam khd giua cac td gia'y loc. Tidp tuc dd nude loc d nhidt dd phong. 
Sau 1 tuan, tCr dung dich tach ra tinh thd ban mong co mau vang sang khdng chura 
nude kdt tinh (ddng phan trans). 

c. Bis-dimetylglyoximatopaladi (II) [14] 

[Pt(DH) 2 ]; M = 336, 63 

K 2 [PdCl 4 ] + 2DH 2 -► [Pt(DH) 2 ] + 2KC1 + 2HC1 

Thdm dung dich rucru hoSc dung dich HC1 cua dimetylglyoxim (DH) 2 vao dung 
dich K 2 [PdCl 4 ] da ducrc axit hoa bang dung dich HC1 ddn mdi trudng axit ydu. Ngay 
lap tire tur dung dich tach ra kdt tua mau vang cua b/s-dimetylglyoximatopaladi(II). 
Dun nong hdn hop phan umg trdn bdp each thuy trong vong nua gid. Sau dd loc, rua 
kdt tua bang nude nong. 

d. Cloro(axetamito)(axetamit)platin (II) [14] 

[PtCl(NHC0CH 3 )(NH 2 C0CH 3 )].H 2 0; M = 365,83 
K 2 [PtCl 4 ] + 2CH 3 CONH 2 —► [PtCl(NHCOCH 3 )(NH 2 COCH 3 )] + 2KC1 + HC1 

Hoa tan 2 - 3 g K 2 [PtCl 4 ] trong 30 - 40 ml H 2 0. Thdm 2 - 3 g axetamit va 3 ml 
rucru etylic vao dung dich K 2 [PtCl 4 ]. Sau do khua'y kl hdn hop phan umg. Sau 2 - 3 
ngay, dung dich co mau tim do va td dung dich tach ra kdt tua mau vang ttfi. Loc thu 
kdt tua. Sau 2, 3 ngay tir nude loc lai tach ra 1 luong kdt tua mdi. Loc thu kdt tua va 
nude loc lai dd tach tidp kdt tua nhu trdn cho ddn khdng con kdt tua. Mau tdi cua kdt 
tua va nude loc phu thude vao luong khdng ldn san pham phu diaxetamitplatin(II), 
[Pt(NHCOCH 3 ) 2 ]. Khi dun nong kdt tua thu duoc o tren vdi axit clohidric dam dac, 
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diaxetamitplatin bi phan huy, ket tua c6 mau vang. Loc ket tua, rda can than bang 
nude, ruou. Hi6u subt 30 - 35%. 

e. Amoni tricloroamminplatinat (II) [14] 

NH 4 [Pt(NH 3 )Cl 3 ].H 2 0; M = 354,61 
[Pt(NH 3 Cl) 2 ] + HC1 — ► NH 4 [PtNH 3 Cl 3 ] 

Th£m 200 ml HC1 dam dac va 400 ml nude vao 20 g [Pt(NH 3 Cl) 2 ]. Dun soi 
dung dich phan dng trong binh ebu co lap dng sinh han nguoc trong vong 5-6 gib 
cho den khi lam lanh dung dich khdng con mudi Peyron tach ra nua. Lam lanh va loc 
dung dich. Lam bay hoi nude loc tren bdp each thuy den th£ tfch nho va loc dung 
dich nong d^ loai 1 lucmg nho ket tua mudi Peyron. Lam lanh, tit nude loc tach ra 
tinh th£ hinh lang tru mau da cam thlm cua phan td mudi ngam nude. Ket tinh lai 
san pham tir nude nong da duoc axit hoa nhe bang dung dich HC1. Loc, rua san phim 
bang luong nho ruou, ete va lam khd trong binh lam khd dung CaCl 2 den khbi luong 
khdng ddi. Hi6u sua't 87%. 

g. Kali tricloroamminplatinat (II) [14] 

K[Pt(NH 3 )Cl 3 ].H 2 0, M = 375,71 
[Pt(NH 3 Cl) 2 ] + HC1 —► NH 4 [Pt(NH 3 )Cl 3 ] 
2(NH 4 )[Pt(NH 3 )Cl 3 ] + [Pt(NH 3 ) 4 ]Cl 2 —► [Pt(NH 3 ) 4 ][Pt(NH 3 )Cl 3 ] 2 + 2NH 4 C1 
[Pt(NH 3 ) 4 ][Pt(NH 3 )Cl 3 ] 2 + K 2 [PtCl 4 ] -► 2K[Pt(NH 3 )Cl 3 ] + [Pt(NH 3 ) 4 ][PtCl 4 ] 

Them 100 ml dung diqh HC1 dam dac va 200 ml nude vao 10 g muoi Peyron. 
Dun sdi dung dich trong binh c£u co lap dng sinh han nguoc trong vong 6 gib. Lam 
lanh hdn hop phan dng va loc de loai muoi Peyron chua phan dng ra. Neu lucmg 
mudi Peyron ldn edn phai lam khd va can. 

Them 5,87 g tetracloroplatin (II) clorua (lucmg tinh toan ti lutmg) vao nude loc. 
Td dung dich tach ra ket tua cua phde chat [Pt(NH 3 ) 4 ][Pt(NH 3 )Cl 3 ] 2 mau vang kim 
loai. Loc thu ket tua lam khd va can. Them 4,37 g kali tetracloroplatinat (II) (luong 
tinh toan can than va la'y khdng vuot qua 95% theo luong do) vao dung dich nong 
cua 10 g mudi 3 phde chat tren. Td dung dich phan dng tach ra mudi Magnuc tinh 
the hinh kim mau xanh la cay. Dun sdi hdn hop phan dng trong vong 30 phut va loc. 
Lam lanh nude loc va lai loc de loai mdt lucmg nho mudi Peyron tach ra. Td dung 
dich, tap chat kali tetracloroplatinat duoc tach ra hoan toan dudi dang mudi Magnuc 
bang each them tdng lucmg nho dung dich tetraamminplatin(II) clorua, loc. Dung 
dich sach cua kali tricloroamminplatinat(II) cd c£n than tren bdp each thuy den the 
tich nho. Khi lam lanh, td dung dich tach ra tinh th£ rubi KOCC hinh lang tru, mau 
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da cam. Ket tinh lai san ph^m tir nude nong, axit hoa bang dung djeh axit clohidric. 
Loc rua san pham bang rupu, ete va lam khd trong binh lam kh6 chua CaCl 2 dSn khdi 
lupng khdng ddi. Hidu sua't gan 60%. 

h. Kali tricloroaminplatinat (II) [27] 

K[Pt(Am)Cl 3 ] 

6 day amin (Am) = metylamin (CH 3 NH 2 ) va etylamin (C 2 H,NH 2 ) 

Do 2 g c/s-[PtAm 2 Cl 2 ] vao binh c£u. Them vao do 50 ml dung dich HC1 dam 
dac va 80 ml nude. Dun soi binh phan ung co lap 6ng sinh han ngupc trong vong 10 
-5- 12 gid. Sau 1 gid lai them vao binh phan irng mdt lupng dung dich HC1 pha theo ti 
le d tren. Dung dich co mau da cam do. Co dung dich tren bep each thuy den the tich 
nho. Lam lanh dung dich, loc lay chat d£u chua phan ung. Lam kho va can. Dun 
nong nude loc va them 1 lucrng [Pt(NH 3 ) 4 Cl 2 ] khdng vupt qua 95 % lucmg chat dupe 
tinh toan theo lupng chat d£u (diclorodiamin platin(II)) da phan ung. Tir dung dich 
tach ra 1 lupng nho mudi Magnuc. Loc dung dich de loai mudi do. Nude loc dupe 
lam lanh. Tir nude loc tach ra tinh thd mau da cam cua mudi 3 phue 
[Pt(NH 3 ) 4 ][Pt(Am)Cl 3 ] 2 . Loc thu mudi do, rua, lam kho va can. Them vao dung dich 
nong cua mudi 3 phurc mdt lupng K 2 [PtCl 4 ] khdng vupt qua 95 % theo tinh toan li 
thuyet. Tir dung dich tach ra mudi Magnuc. Loc loai bo mudi nay. Tiep tuc lam sach 
nude loc bang each them timg giot kali tetracloro platinat (II) va loc. Cd nude loc 
sach tren bep each thuy den the tich nho. Lam lanh va loc thu tinh the san pham hinh 
lang tru ldn co mau da cam. Ket tinh lai san pham tir nude nong da dupe axit hoa 
bang dung dich HC1 loang. Loc, rua san phdm bang rupu, ete va lam kho trong binh 
lam khd dung CaCl 2 den khdi lupng khdng ddi. Hieu suat K[Pt(Am)Cl 3 ] vdi Am = 
metylamin la 75 %, Am = etylamin la 50 %. 

i. Kali tricloropyridinplatinat(II) [14] 

K[Pt(Py)Cl 3 ]; M = 419,3 

K 2 [PtCl 4 ] + Py.HCl —*• K[Pt(Py)Cl 3 ] + KG1 + HC1 

Dun sdi dung dich nude cua 0,20 g kali tetracloroplatinat (II) va 1.2 1.4 ml 

pyridin da dupe axit hoa den moi trudng axit yeu trong vong 3-^4 gid. Tir dung dich 
tach ra mot lupng nho phurc chat diclorodipyridinplatin (II). Loc loai bo phirc chat 
do. Loai bo het chat ddu chua phan ung dudi dang mudi Magnuc bang each thdm 
timg giot dung dich tetramminplatinat (II) clorua vao dung dich phan irng va loc. 
Nude loc duoc cd tren bep each thuy den the tich nho. Khi lam lanh. tir dung dich 
tach ra tinh th£ hinh lang tru ldn mau da cam. Loc rira san ph£m bang rupu va ete. 
Hieu sua't 75%. 
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k. Kali tribromopyridinplatinat(II) [14] 

K[Pt(Py)Cl 3 ]; M = 552,71 
K[Pt(Py)Cl 3 ] + 3KBr —► K[Pt(Py)Br 3 ] + 3KC1 

Them 50 ml nude vao binh c5u chira 1,5 g K[Pt(Py)Cl 3 ] va 8 g KBr (ti 16 1 : 18 
mol). Dun sdi dung dich trong binh c5u co lap d'ng sinh han nguoc trong vong 1 gib. 
Loc dung dich nong va cd nude loc trdn bep each thuy den the tich con 20 ml. Tiep 
tuc loc dung dich nong. Khi lam lanh, din d^n tir dung dich tach ra tinh the dang ban 
mong, mau da cam sim la'p lanh. Loc san pham, rira bang ruou va ete. Lam khd trong 
khdng khi. Hieu sua't 56 %. 

l. Pyridini tricloropiridinplatinat (II) [14] 

(PyH)[Pt(Py)Cl 3 ]; M = 460,35 
K 2 [PtCl 4 ] + Py.HCl —► (PyH)[Pt(Py)Cl 3 ] + 2KC1 

Do 50 ml nude vao binh c£u dung 1,0 g K 2 [PtCl 4 ]. Them vao binh c^u 1,7 ml 
piridin da duoc axit hoa bang dung dich HC1 dam dac den pH = 1. Dun soi hdn hop 
phan urng trong binh c£u co lap dng sinh han nguoc trong vong 4 gib. Mau do cua 
dung dich chuyen d^n sang mau da cam. Khi lam lanh, tir dung dich tach ra 1 luong 
dang ke phue chat dipyridin [Pt(PyCl 2 )]. Loc loai bo phde chat do. Them tirng giot 
dung dich [Pt(NH 3 ) 4 Cl 2 ] vao nude loc va loc de loai het [PtCl 4 ] 2 ' con lai chua phan 
irng. Co nude loc tr£n bep each thuy ddn the tich nho. Khi lam lanh, tir dung dich 
tach ra tinh the mau da cam. K6t tinh lai san ph£m tir nude nong da duoc axit hoa 
bang dung dich HC1. Loc, rira san ph£m bang ruou. ete va lam khd. Hieu sua't 46 %. 

m. Kali triclorosafrolplatinat(II) K[Pt(Saf)ClJ [64] 

Phuong trinh phan ling: 

KtPtCQHJCl,] + Saf —► K[Pt(Saf)Cl 3 ] + QH.t 

Hoa tan 3,68 g muo'i Xayze (10 mmol) bao hoa trong 80 ml etanol b 40°C. Hoa 
tan 2,17 ml (15 mmol) safrole (cong thirc xem d muc 6.5.3) trong 20 ml etanol. Cho 
tir tir tirng giot dung dich safrol vao dung dich mud'i Xayze b nhiet do 40 -r 45°C va 
khua'y nhe hdn hop phan irng. Hdn hop phan dng co mau vang da cam. Sau 15 phut tir 
dung dich bat d£u xua't hien kd't tua. D^ ydn hdn hop phan ung khoang 45 phut. Loc, 
thu duoc san ph£m b dang tinh th£ mau vang tuoi. Rua san ph£m bang ruou lanh 
nhidu l^n va lam khd. Hidu sua't 85 %. 

n. Dietylendiaminpaladi (II) clorua [14] 

[Pd(en) 2 ]Cl 2 , M = 297,81 

Phtfc chat dietylendiaminpalladi (II) clorua duoc tong h<^) theo 2 phuong phap: 
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a. PdCl 2 —^ [Pd(en) 2 ][PdCl 4 ] —[Pd(en) 2 ]Cl 2 

b. M,[PdCU —£=-+ [Pd(en) 2 ][PdCl 4 ] —^ [Pd(en) 2 ]Cl 2 

Them 1 lucmg dir etylendiamin (En) vao dung dich nude cua mudi PdCl 2 (ho|c 
vao dung dich cua phuc chat (NH 4 ) 2 [PdCl 4 ] hoac vao dung dich cua phuc chat 
K 2 [PdCl 4 ]). Luc dau tao ra ket tua mau h6ng. Ket tua nay tan ra khi trong dung djeh 
du etylendiamin. Lam bay hoi dung dich. Tir dung dich thu duoc (c6 mau hoi vang) 
tach ra tinh th£ khong mau hinh lang tru. 

2 . 4 . T(5nG HOP PHCTC CHAT NHO PHAn ONG 0X1 HOA - KHCr PHCTC CHAT [ 2 , 11 , 14 ] 

Su thay ddi sd oxi hoa cua nguyen tu trung tarn lu6n dan tdi cac he phirc chat 
mdi khac phirc dau khdng chi 6 sd phdi tri, o dd ben cua phufc chat ma con co th£ tao 
ra cac phufc vdi cac phdi tu khac co mat trong hdn hop phan urng. Hay xet phan urng 
tong quat sau: 

L y M n + XY-► LyM n+2 (X)(Y) 

Theo chidu thuan, sd oxi hoa va sd phdi tri cua nguy6n tu trung tarn tang nen 
phan umg duoc goi la oxi hoa - edng (oxidative - addition). Theo chidu nghich, sd oxi 
hoa va sd phdi tri deu giam nen phan ung duoc goi la khir - tach (reductive - 
elimination). Cac thuat ngu nay chi dd md ta phan ung chur kh6ng nham noi len co 
che cua phan urng. 

Ngoai hai kieu phan urng ke tren cung con nhung phan ung lam thay doi sd oxi 
hoa nhung giu nguyen sd phdi tri hoac phan ung lam giam sd oxi hoa ma tang sd 
phdi tri hoac nguoc lai. 


2.4.1. Phiromg phap oxi hoa phurc chat 


a. Phan ting oxi hod - cong 


Phan ting oxi hoa - cong thudng xay ra vdi he phtic 16 electron vuong phing 
cua Rh 1 , Ir 1 , Pt". Ket qua la tao ra he phtic chat 18 electron. Neu phan tu XY khong 
bi phan chia trong phan urng thi su cong tao ra vong 3 canh, thi du: 


Cl /'//,. Ir .*xxW pph 3 

Ph 3 P^ ^CO 


Neu XY bi phan cat thi co the' tao ra hdn h(^p dong phan: 


PPh 3 

cl ^,l r> ^o 

OC^ | 

PPh 3 
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Phan umg oxi hoa - cong duac ting dung rong rai trong tdng hap cac phtic 
Pt(IV) tti cac phurc Pt(II). Trong trucmg hap nay ngucri ta thudng thu duac phurc bat 
dien vdi X va Y d vi trf trans nhu se tha'y a cac thf du dudi day. 

• Cong halogen 

Cl 2 va Br 2 r^t d6 oxi hoa phurc Pt(II) vuong phing thanh phurc Pt(IV) bat dien, thf du: 


0 2 N^ -Br 
0 2 N Br 


+ Cl 2 


Cl 




Br 

Br 


Cl 


k 2 


o 2 n^ ^nh 3 
Pt 

h 3 n^ ^no 2 


+ Br 2 



Clo la chat khf kho su dung va kho dinh luang, vi vay ngudi ta da tao ra tac 
nhan tucmg ducmg clo ran. Do la iodobenzen diclorua, C 6 H 5 IC1 2 (viet gon la PhICIA 
no duac di6u ch£ nhd tac dung cua Cl 2 vdi iodobenzen trong clorofom khan [5]. 
C 6 H 5 IC1 2 la chat ran tucmg dd'i ben d lanh va kh6. Ve kha nang phan ung oxi hoa, 
iodobenzen diclorua tucmg duang vdi clo, nhung co thd d6 dang can no theo ti luang 
can thi£t. Sau khi oxi hoa, no chuydn thanh iodobenzen la chat long tan trong dung 
moi huu ca, nen d6 ttich khoi san pham chfnh cua phan ung. Thf du ve phan ung oxi 
hoa phurc chat bang C 6 H S IC1 2 duac dua ra a bang 2.2. 


Bang 2.2. 


Chat dau 

San pham 

Dung mdi 

[Au(o-C 6 H 4 N0 2 )(PPh) 3 ] 

[Au 2 Pt{CH 2 P(S)Ph 2 } 4 ] 

[Hg {CH 2 P(S)Ph 2 } 2 ( AuC1) 2 ] 
[Mo(CNR) 3 (CO) 3 ] + CNR 
[W(CNR) 3 (CO) 3 ] + CNR 
[M(CO) 6 ]‘ (M = Nb, Ta) 
[Re 2 Cl 4 (PMe,) 4 ] 
[Rh 2 Cl 2 (CO) 2 {CH 2 (PPh 2 ) 2 } 2 ] 

[AuCl 2 (o-C 6 H 4 N0 2 )(PPh) 3 ] 

[Au 2 PtCl 2 {CH 2 P(S)Ph 2 } 4 ] 

[Hg Au {CH 2 P(S)Ph 2 } 2 AuC1 4 ] 
[Mo(CNR) 3 (CO) 3 ] (R = ankyl, aryl) 
[W(CNR) 3 (CO) 3 ] (R = ankyl, aryl) 
[M 2 C1 3 (C0) 8 ]- (M = Nb, Ta) 
[Re 2 Cl 5 (PMe 3 ) 3 ] 

[Rh 2 Cl 4 (CO) 2 {CH-(PPh 2 ) 2 } 2 ] 

CH 2 C1 2 

ch 2 ci 2 

ch 2 ci 2 

EtOH 

EtOH 

CH 2 C1 2 

ch 2 ci 2 

ch 2 ci 2 
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• Cong H 2 0 2 

Dung hidropeoxit co th£ d 6 dang dua 2 nhom OH vao vi tri trans trong ciu 
phdi tri cua platin. Thi du, dihidroxicisplatin dupe difiu ch£ veri hi£u suit cao tir 
cisplatin [49]: 


Cl\ ^NH, 

cr nh 3 


+ H 2 O 2 





OH 

Ck 

. 1_NH 



cK 

1 NH 


OH 


Tuong tu, chung tPi [50] da t 6 ng hop dupe 4 phiic monoamin mdi cua Pt(IV) co 
ciu true nhu sau: 


OH 

CIZ/^UCI 

rt ^ 

Cl^ | ^nh 3 
OH 


NH, 


OH 

Cl///, I ,x\\\CI 


cr 


NH 


OH 



OH 



OH n 

OH 

K 

c.//,lt,,c 

Cl*'" I ^NH 2 Me 


HjN/,,. 

h 3 n*" 

^NHa 
| ^C1 

c\^ | ^nh 3 


OH 


_ 

OH 

OH 


• Cong hidrohalogenua (HX) va dan xudt halogenua hitu co 

Hidroclorua va hidrobromua cpng vao phuc frans-[IrCl(CO)(PR 3 ) 2 ] trong dung 
moi khong phin cue nhu benzen, thi tao thanh dong phin cis-, con trong dung moi 
phin cue nhu DMF hoic h 6 n hop benzen - metanol thi tao thanh h 6 n hop dong phin 
cis-, /rans-[IrHCl 2 (CO)(PR 3 ) 2 ]. 

Cac ankyl, aryl va axyl halogenua co th£ di dang c 6 ng vao ciu ph 6 i tri va bi 
tach thanh 2 phoi tu ankyl (aryl hoac axyl) va halogeno. Thi du: 

(Ph 3 P) 3 ClRh + CH 3 I -*- (Ph 3 P) 3 RhI(CH 3 ) 

Cac phan ting loai nay dupe nghien ctiu kha nhieu va dua den ting dung thuc te 
quan trong la viec tong hop axit axetic trong cong nghiep ter nguyen lieu re tidn la 
metanol: 

CH3 ° H + C0 S CH 3 COOH 99% 

Giai doan diu cua phan ung xuc tac tren la viec c 6 ng CH 3 I vao phtic chit cua 
rodi theo so d 6 dudi diy: 
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CHjOH 



Chu trinh san xua't axit axetic tir CH 3 OH va CO 


• Cong hidro 

Cong hidro vao phtfc chat la m 6 t phuong phap dom gian dieu che phtic hidrua. 
Mac du nang luang cua lien ket H-H la cao (450 kJ/mol) nhimg phan ting xay ra kha 
dd dang va thucmg la thuan nghich. Thf du: 

IrCl(CO)(PPh 3 ) 2 + H 2 -► Ir(H) 2 Cl(CO)(PPh 3 ) 2 

Ngudi ta cho rang phan irng xay ra qua trang thai chuyen tiep vdi lien ket 3 tarn 
giCra kim loai va H 2 : 


-hmCD) 


+ 


H 


H 


L n M<. 


-„M<^ 


H 


H 


Bang chting la khi dung phoi ttr khep vong ngutii ta thu duoc h 6 n hop 2 dong 
phan ma 2 nguyen tir H deu a vi trf cis: 



H 


/**///». 

|>x 


CO 


H 


+ 


/*/„,.j^\CO 


X 


b. Phan irng vdi chat oxi hod "khong kinh dien ” 

Trong nhting nam gdn day, nhieu chat oxi hoa trirdc day ft duoc dung nay da 
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duac su dung nhidu d£ tdng hap phirc chat. Ngudi ta goi do la nhirng chat oxi hoa 
khong kinh dien hoac khong truyen thong. Vide sur dung cac chat oxi hoa khdng kinh 
di^n trong nhieu trudng hop la d£ phu hop vdi tdng hop trong dung mdi khdng nude 
[78], trong cac trudng hop khac lai nham muc dich oxi hoa chon loc chi ion trung 
tam ma khong anh hudng tdi phdi tur, hoac de tao ra phirc chat vdi phdi tu mdi. Dudi 
day la mot sd phan ung dimg chat oxi hoa thuoc loai khong kinh ditfn. 

Oxi hoa bang mudi nitroni, nhu NOC1, NOBF 4 , N0C10 4 , NOPF 6 . Thi du: 

[Re 2 Cl 4 (PMe 2 Ph)] + NOPF 6 -> [Re 2 Cl 4 (PMe 2 Ph)][PF 6 ] + NO 
[Pt(C 2 H 4 )(PPh 3 )] + 2NOBF 4 + 2MeCN -► [Pt(MeCN) 2 (PPh 3 )][BF 4 ] + C 2 H 4 + 2NO 
[Mo(CO) 6 ] + 2NOPF 6 -> cw-[Mo(NO) 6 (PF 6 ) 2 ] + 6CO 

Oxi hoa bang mudi aryldiazoni, nhu p-XC 5 H 4 N 2 BF 4 (X = H, Me, MeO, Cl, Br, 
NO z ,...), thi du: khi cho phirc chat cua Co(I), [CoH[P(OEt) 2 Ph} 4 ], phan umg vdi mudi 
diazoni /?-MeC 6 H 4 N 2 BF 4 trong diclometan ngudi ta thu duac phirc chat cua Co(II), 
[CoH{P(OEt) 2 Ph} 4 ]BF 4 , nito va toluen; khi cho [Co(Salen)] phan ung vdi 
p-XC 6 H 4 N 2 BF 4 da thu duac [Co(Salen)(H 2 0)][BF 4 ]. 

Oxi hoa bang mudi triphenylcacboni, nhu Ph 3 CBF 4 , Ph 3 CPF 6 . Thi du: 
[( r | 5 'Cp) 2 (CO) 2 Fe 2 (p-CO)(|r-CH 2 )] + Ph 3 CPF 6 -> 

[(r| 5 -Cp) 2 (CO) 2 Fe 2 (|i-CO)(p-CH)]PF 6 + Ph 3 CH 
[ReH(CO)(NO)(r) 5 -Cp)] + Ph 3 CPF 6 -► [ReH(CO)( Ph 3 CH)(NO)(r| 5 -Cp)] PF 6 

Oxi hoa bang cac "axit phirc" trong dung mdi khong nude, nhu HBF 4 , HPF 6 , 
CF 3 S0 3 H. Thi du: 

[Cr(NO) 2 (Ti 5 -Cp)] 2 + 2 HBF 4 .OMe 2 -► 2 [Cr(BF 4 )(NO) 2 (ri 5 -Cp)] + 2 OMe 2 
[MnH(CO) s ] + CF 3 S0 3 H -► [Mn(CF 3 S0 3 )(C0) 5 ] + H 2 

Oxi hoa bang cac mudi bac va thuy ngan nhu AgCF 3 S0 3 , AgBF 4 , AgBPh 4 . 
HgCl 2 , Hg(CF 3 COO) 2 , thi du: 

[Fe(SPh)(CO)L(ri 5 -Cp)] + Ag BPh 4 -> [Fe(SPh)(CO)L(ri 5 -Cp)] BPh 4 + Ag 

L = PMe 3 , PMe 2 Ph, PM$Ph 2 . 

[Cr 2 (CO) 10 ] 2 * + Hg(CF 3 COO) 2 -► 2[Cr(CF 3 COO)(CO) s ] + Hg 

Oxi hoa bang cac halogenua phi kim nhu PC1 5 , R 3 PI 2 , thi du: 

[PtCl 2 L 2 ] + PC1 5 -> [PtCl 4 L 2 ] + PC1 3 
L = Me 2 S, py, dung mdi la MeCN hoac MeN0 2 . 

[Pt(py) 4 ]Cl 2 .3H 2 0] + 4PC1 S -► [PtCl 4 (py) 2 ] + PC1 3 + 2py.HCl + 3 OPCl 3 + 4 HC1 
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2.4.2. Phuong phap khur phurc ch^t 
a. Phan ting khti - tdch 

Phuong phap khir - tach thucmg ap dung de di6u ch£ cac phurc chat ma kim loai 
a trang thai oxi hoa tha'p khbng dac trung, khi do so ph6i tri thucmg giam. Thi du: 

NaBH 4 


[Co(bpy) 2 (H 2 0) 2 ]C10 4 


EtOH, H 2 0 


[Co(bpy) 2 ]C10 4 


Mn 2 (CO) 10 Na/Hg - 2 Na[Mn(CO) 5 ] 
THF 


m-[H(CH 3 )Co{P(OR) 3 } 4 ] 


CH 4 + [Co{P(OR) 3 } 4 ] 


Phan ling khu - tach xay ra trong nhi^u qua trinh t6ng hop hffu co ma xuc tac 
phurc chat la giai doan quan trong nha't, ching han:. 


:m: 


-H 




RCH=0 


O 


Platin kim loai dang thu: ph£m hoac dang thu hoi thucmg duqc dung lam chat 
dau de dieu che cac phurc cua platin. No duqc hoa tan trong nudrc cucmg thuy, axit 
cloroplatinic (H 2 [PtCl 6 ]) tao ra duqc chuy£n thanh K 2 [PtCl 6 ] la chat di bao quan. 
Ngucti ta thucmg khur phurc nay de thu duqc phurc cua Pt(II). Thi du: 

K 2 [PtCl 6 ] + K 2 C20 4 -► K 2 [PtCl 4 ] + 2C0 2 


Na 2 [PtCl 6 ] + C 2 H 5 OH 


H[Pt(C 2 H4)Cl 3 ] 


KQ 


K[Pt(C 2 H 4 )Q 3 ] 


b. Phan ting khti khong giam so phoi tri 

Trong nhieu phan img khu, mac du trang thai oxi hoa cua nguyen tur trung tarn 
giam nhung so phd'i tri cua no van gift nguyen, co trudng hop con tang. Cung giong nhu 
trong phan umg khu - tach, cac chat khu thucmg dung la kim loai, h6n hong. Thi du: 

Mg/Hg 


[MCl 2 Cp 2 ] 2 + 4 CO 
[M(CO) 3 Cp] 2 + 2 Na/Hg 


THp 2 [M(CO) 2 Cp 2 ] 
- 2 Na[M(CO) 3 Cp] + 2 Hg 


(M = Zr, Hf) 

(M = Cr, Mo, W) 


Bo hidrua, nh6m hidrua va m6t s6 dan xua't cua chung hien nay duqc su dung 
rong rai trong tong hop phirc chat, nha't la phurc hidrua. Nh6m hidrua la chat khu 
manh liet nen it duqc su dung, bo hidrua la chat khu em diu duqc su dung nhi6u hon. 
Thi du: 
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FeCl 2 + Na[BH 4 ] + 2Ph 2 PCH 2 CH 2 PPh 2 -► [FeH(G)( Ph 2 PCH 2 CH 2 PPh 2 ) 2 ] + 2NaQ + 1/2 BjH* 
[Pt(Ph 2 PCH 2 CH 2 PPh 2 ) 2 ]Cl 2 + 2Na[BH 4 ] -► [Pt(Ph 2 PCH 2 CH 2 PPh 2 ) 2 ] + 2NaQ + &H* + H 2 
[RhBr(Ph)(PMe 3 )Cp + Li[BH(sec-Bu) 3 ] -► [RhH(Ph)(PMe 3 )Cp] + LiBr + B(sec-Bu), 

Phan ling tren dupe thuc hi6n trong THF a 35°C [79]. 

2.4.3. Phirong phap dien hoa tong hop phurc chat [80, 81] 

Phuong phap di£n hoa t6ng hop phirc chat la m6t phuong phap d6c dao, ly thu. 
Phan ling di£n hoa co tfnh chon loc cao do co kha nang khb'ng ch£ dupe th6' dien cue 
trong m6t khoang rdng. Electron co th£ duoc c6ng vao hoac lay di khoi he phuc chat 
ma kh6ng gap phai nhOng bid?n d6i phirc tap do tac dung phu cua cac chat oxi hoa va 
chat khu gay ra. 

Ngay tir 1908 Chugaev da nghiSn cdu t6ng hefp dien hoa cac phirc coban 
ammin, trong blnh dien phan vdi catot Pt va anot Co. Cac phiic [Co(NF1,)6]C1 3 , 
[CoC1(NH 3 ) 5 ]S0 4 , [Co(N0 2 ) 2 (NH 3 ) 4 ]N0 3 da duoc t6ng hop. Vdi anot Ni, Chugaev 
con di6u ch6' duoc niken dimetylglyoximat. Cac t6ng quan gan day [81, 82, 83] cho 
thay nhung tien bo va nhung kha nang to Ion cua phuong phap dien hoa trong t6ng 
hop phiic chat. 

De t6ng hop dien hoa phirc chat, can xac dinh dien cue, dien the ap dung cho 
phan ling da chon, thiet bi dien phan, dung moi va chat dien giai. Chang han d^ t6ng 
hop [RhPPh 3 ) 4 ] nguoi ta khu [RhClPPh 3 ) 3 ] 6 - 2,3 V (dien cue Ag/0,1M AgN0 3 trong 
MeCN) trong axetonitril/ toluen chira 0,1M etylamoni peclorat ([Et 4 N]C10 4 ) vdi 
luqng PPh 3 du ga'p 10 lln, hieu sua't dat 70%. Phirc [Co{P(OEt) 3 } 4 ] duoc dieu che 
bang each oxi hoa phde [Et 4 N][Co{P(OEt) 3 } 4 ] trong axetonitril. 

Trang thai oxi hoa tha'p cua kim loai chuyen tiep thuong duoc on dinh boi cac 
phoi tu 7i-nhan trong khi do trang thai oxi hoa cao thi duoc 6n dinh boi ph6i tu loai 
o-cho. Vi the su oxi hoa hoac khu dien hoa thuong kern theo sir the phdi tir. Chang 
han khi khir dien hoa phirc [RuCl 2 (PPh 3 ) 4 ] trong axetonitril thi phoi tu clo (thuoc loai 
o-cho) bi thay the boi axetonitril (thuoc loai 7t-nhan) dan tori tao thanh 
[Ru(MeCN) 2 (PPh 3 )J. 

Khi khir dien hoa c/5-[Pta 2 (PPh0 2 ] v6i dien cue thuy ngan trong MeCN/C 6 H 6 co 
chda [Et 4 N]C10 4 da loai 2 phb'i tu clo va tao ra [Pt(PPh 3 ) 2 ]. Phtic nay co th^ dupe 
chuyen htfa thanh cac phuc khac theo so d6 sau: 
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Phan ung dien hoa co the duoc dung de kfch thfch cho phan umg. Chang han su 

kfch thfch dien hoa cho phan ung the phoi tu CO d cac phfic cabonyl [MCO) 6 ], 

M = Cr, Mo, W, tao ra cac phirc [MCO) 6 . n L n ] vdi L = THF, Py, PMe 3 , PPh, da duoc 
nghien curu. Ngubi ta cho rang phan umg xay ra theo co che tao ra anion goc: 

[M(CO) 6 ] ——► [M(CO) 5 -] PPh 3 ». [M(CO) 5 (PPh 3 )] 

- CO - e’ 

Khi khu mot so hop chat cacbonyl trong dung dich vdi dien cue chi hoac thuy 
ngan co the tao ra san ph£m la phirc co kim vdi kim loai dien cue. Vf du: 

Hg + 2Me 2 CO + 6H + + 6e' -> [HgCHMe 2 ) 2 ] + 2H 2 0 

Hg + 2PhCHO + 6H + + 6e [HgCH 2 Ph) 2 ] + 2H z O 

Phuong phap didn hoa tong hop phirc chat tuy co nhung uu diem noi bat nhung 
viec tien hanh cung co nhung han che. Chang han viec lua chon cac he dung moi, 
chat dien giai, dien cue con mang tfnh kinh nghidm. 

2.4.4. Thuc hanh tong hop phurc chat nhb phan ung oxi hoa - khu phurc chat 

a. cis-Diammindicloro-trans-dihidroxoplatin (IV) [49] 


[Pt(NH 3 ) 2 Cl 2 (OH) 2 ]; M 


Cl\ ^NH 3 

pt J 

/ r '\ 

cr nh 3 


+ H2O2 


334,07 

OH 

Cl^ I ^NH 3 
cr | nh 3 

OH 


Hoa tan 2 mmol cisplatin [Pt(NH 3 ) 2 Cl 2 ] vao 7 ml H 2 0 2 10%, khua'y nhe hdn 
hop phan ung d 0°C trong 1 gib. De yen hdn hop phan ung trong 30 gib. Loc lay ket 
tua, rua bang nude, ruou, axeton. Sa'y ket tua d 120°C den khoi luong khong doi. Ket 
tinh lai san phdm trong nude, thu duoc nhung tinh the hinh ban mong, mau vang 
chanh. Hieu sua't 48%. 
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b. Kali monoammintriclorodihidroxoplatinat(IV) [50] 

Hoa tan 1 g kali monoammintricloroplatinat (II) vao 8 ml dung dich 15% 
hidropeoxit b 0°C va khua'y manh trong 1 gib. Phan ung duoc coi la kftt thuc nft'u 
them vao 1 giot [Pt(NH 3 ) 4 ]Cl 2 ma khdng tha'y tach ra kftt tua mau vang cua 
[Pt(NH 3 ) 4 ][PtNH 3 Cl 3 ] 2 . Loc la'y kftt tua, rtra bang ruou, ete. Hiftu sua't 60%. 

c. cis- va trans-diammintetrahidroxoplatin(IV) [51] 

cis- va tra«5-diammintetrahidroxoplatin(IV) duoc tdng hop theo cac s a d6 phan 
urng sau: 

a) [Pt(NH 3 Cl) 2 ] + 2AgN0 3 -► [Pt(NH 3 N0 3 ) 2 ] + 2AgCl 
[Pt(NH 3 N0 3 ) 2 ] + 2NaOH + H 2 0 2 -► [Pt(NH 3 OH) 2 (OH) 2 ] + 2NaNO, 

b) [Pt(NH 3 ) 2 (Cl) 2 ] + 2AgN0 3 [Pt(NH 3 ) 2 (N0 3 ) 2 ] + 2AgCl 

[Pt(NH 3 ) 2 (N0 3 ) 2 ] + 2NaOH + H 2 0 2 -► [Pt(NH 3 ) 2 (OH) 4 ] + 2NaNO ? 

Cho khoang 1 g cis - hoac tran^-diammindicloroplatin (II) va mdt luong dung 
dich bac nitrat tmh theo ti 1ft 2 mol trftn 1 mol phtic chat vao 50 ml nude. Khua'y va 
dun nong 6 90°C trong 10-12 gid. K^t tua bac clorua duoc loc, rira bang nude, sa'y 
kh6 va can dd kiem tra mure d6 tach hoan toan Cl. 

Thftm vao nu6c loc dung dich NaOH v6i luong dung theo 11 thuyet va dung 
dich hidro peoxit v6i luong du ga'p 3-5 l^n r6i c6 can dftn khi con 1/3 th£ tlch. Neu 
tha'y co Pt tao ra thi loc bo. Lam lanh nude loc, loc la'y tinh the tach ra. Hiftu sua't 
d6ng phan cis khoang 44%, dong phan trans khoang 51%. 

d. trans-Diamminteracloroplatin (IV) (mudi Gerar) [14] 

[Pt(NH 3 ) 2 Cl 4 ]; M = 371,12 
[Pt(NH 3 ) 2 Cl 2 ] + Cl 2 -► [Pt(NH 3 ) 2 Cl 4 ] 

Sue dong khl clo vao huyen phu rra/ii-diclorodiaminplatin (II) trong nude 
khoang 2 gib. Khi chat long trd thanh mau do, loc la'y ket tua, rira bang nude va ruou. 

e. Tong hop mudi Xayze, K[Pt(CflJClJ.Hft [14] 

Na 2 [PtCl 6 ] + QH 5 OH —► H[Pt(C 2 H 4 )Cl 3 ] + NaCl + CH 3 CHO + HC1 
H[Pt(C 2 H 4 )Cl 3 ] + KC1 = K[Pt(C 2 H 4 )Cl 3 ] + HC1 

Dun nong NaJPtClJ khong ngam nude vdi ruou etylic (100 ml QHsOH : 10 g 
Na 2 [PtCl 6 ]) trong 6 8 h trftn bep each thuy vdi ong sinh han ngugc. Loc NaCl tach 

ra khoi dung dich ruou lanh va thftm vao do 1 luong nho dung dich nude cua KC1 
(0,21 g KC1 / 1 g Na 2 [PtCl 6 ]). Neu phan ling tao ra mudi Xayze khdng hoan toan. 
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nghla la se con lai mdt luqng lbn Na 2 [PtCl 6 ] thl sau khi them KC1, dung dich se due 
va bat d£u tach ra K 2 [PtCl 6 ]. Trong truemg hop do, d£ yen h6n hop trong vai gib roi 
tach ket tua bang each gan. 

Cat rirou khoi dung dich, con dung dich nude, axit hoa bang 1 -5- 2 giot axit 
HC1. Cd nhe dung dich tren bep each thuy 6 nhiet dd 50 -r 55°C den khi bat dau xu£t 
hien tinh th£, khi lam lanh se tach ra tinh th£ mudi Xayze mau vang nhat, hinh kim. 
Hieu suat phan ung 90%. 

g. Natri hexanitro cobanat (III) [22] 

Hoa tan 150 g natri nitrit vao 150 ml nude, dun nong den 40 - 50° thi them vao 
50 g coban (II) nitrat. Khua'y lien tuc va them timg phan 50 ml dung dich axit axetic 
50% (lam trong tu hot) va sue dong khdng khi manh vao hdn hop phan umg trong 
vong nira gid d^ oxi hoa coban (II): 

4Co(N0 3 ) 2 + 4NaN0 2 + 12CH 3 COOH + 0 2 -► 4Na 3 [Co(N0 2 ) 6 ] + 12CH 3 COONa + 

8HN0 3 +2H 2 0 

Neu natri nitrit ban d£u co lan mudi kali thi trong qua trinh oxi hoa se tach ra 
ket tua kali hexanitro coban (III) mau vang, khi do can de yen hdn hop phan umg roi 
loc bo ket tua. Khua'y nude loc va them tit ttir vao do 350 ml etanol 96%. Loc la'y ket 
tua Na 3 [Co(N0 2 ) 6 ].H 2 0, rira 2 - 3 l£n bang ruou roi ete, lam khd trong khdng khi. 

h. Cacbonatotetrammincoban (III) sunfat [22] 

Nho tit tur dung dich axit sunfuric 1 : 5 vao 10 g coban cacbonat khan, khua'y 
d6u den khi ngumg tach khi C0 2 , thu duqc dung dich 1. Hoa tan 50 g amoni cacbonat 
vao 250 ml nude va 120 g dung dich amoniac dam dac, thu duqc dung dich 2. Tron 
dung dich 1 vao dung dich 2 va sue dong khdng khi manh vao hdn hop phan ung de 
oxi hoa coban: 

4CoS0 4 + 4(NH 3 ) 2 C0 3 + 12NH 3 + 3H 2 0 + 0 2 -► 2[Co(NH 3 ) 4 (C0 3 )] 2 S0 4 .3H 2 0 + 

2(NH 4 ) 2 S0 4 

Khi do dung dich chuyen tit mau tfm sang do. Them tit tit amoni cacbonat vao 
va co dung dich trong chen sd den the tfch 150 ml. Neu co tap chat tach ra thi loc bo 
rdi co ddn 100 ml. Lam lanh, loc la'y tinh the, rua bang ruqu-nude 1 : 1 roi bang ruqu 
tuyet doi va lam khd. 

2.5. DUNG M0l TRONG t6nG HOP PHCTC CHAT [5, 8, 78] 

Da so cac phan umg tao phurc, cac qua trinh tinh chd phde chat va viec nghien 
cum tmh chat cua chung duqc tidn hanh trong cac dung mdi. Viec lua chon dung moi 
co y nghla rat quan trong khdng nhumg doi vdi viec hoa tan cac chat ma con doi vbi 
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nhi£u tinh chat va phan ung hoa hoc cua chat tan. Vifcc thay d6i dung m6i lam thay 
doi nhung tirong tac phuc tap giua dung moi vdi chat tan, lam thay d6i hoat dd chat 
tan, nang luong Gip..., do do co th£ lam thay d6i dd di£n li, lire axit - bazcr, thay d6i 
kha nang phan ung va ca co che phan ung, dan tdi thay d6i ca'u tao san pham phan 
trng. 

Hoa hoc ngay nay khong chi nghien curu dung mbi nhu mbi trufrng, trong do 
chat tan phan tan va phan ung vdi nhau, ma con nghien cuu dung mbi nhu mbt hap 
phan tham gia vao moi hoat ddng cua chat tan ke ca cac phan ung hoa hoc cua 
chung. Vi vay, d muc nay chung ta se xet khong nhung ca'u true va cac tinh chat vat 
If cua dung mbi nhu khoang nhibt db ma tai do chung a trang thai long, momen 
luong cue va hang so dien moi ma ca su solvat hoa (trong do bao g6m ca tuang tac 
tlnh dien va tuang tac hoa hoc cua dung m6i v6i chat tan nhu lien ket hidro, tuang 
tac cho - nhan). 

2.5.1. Cau true chat long 

So vdi chat khi va chat ran ket tinh, chat long la kho hieu nha't. Cac phan tir 
chat long b g£n nhau hang ngan ldn so vai cac phan tu khi. Chat long hau nhu khdng 
giam the tfch khi nen. Chang han, nude a 20°C khi nen den 1000 atm chi giam 4% 
the tich. The nhung chat long co the nhanh chong thay d6i trat tu cac phan tu trong 
khi vin giu nguyen duac muc do gan ket giua cac phan tu. Chat long lu6n chay ra da 
co hinh dang nhu binh chua no, nhung khong co xu hudng chiem the tich vo han nhu 
chat khi. Luc 6n dinh trang thai long (luc giua cac phan tu chat long) g6m co luc tlnh 
dien (luc Van de Van), lien ket hidro, tuang tac cho - nhan. Do la nhung tuang tac 
lam giam nang luong cua he do chung co entanpi am. Trong khi do, entropi cua chat 
long lai co gia tri duang ldn phu hap vdi chuySn dong tuang doi tu do cua cac phan 
tu. Do ldn cua entropi chudn cua chat long phan anh ro xu hudng tap hap cac phan tu 
cua chung. 

Phuang phap nhidu xa tia X va phucmg phap tinh toan cho tha'y trong dung moi 
long co nhung viing co su sap x6p trat tu, co nhung viing khong trat tu tao ra nhung 
mien, nhung ldp ke tidp nhau. Su sap xep cac phan tu dung moi trong cac viing, mien 
do luon luon thay doi. 

Ca'u true cua cac dung moi proton (protic solvent), dung moi co the cho proton, 
to ra phurc tap han do lien kdt hidro. Ching han nhu d nude long (hinh 2.1a). 
0 hinh 2.1a ta tha'y co nhung vung vo trat tu g6m tir nhung phan tu nude lien kd't 
hidro vdi nhau khong theo mot trat tu xac dinh nao va ca nhung phan tir nude tu do. 
Lai co ca nhung vung trat tu g6m nhung phan tu nude lien ket hidro gid'ng nhu trong 
nude da (hinh 2.1b, c), xen lin chung co th^ co nhung "hd'c trd'ng". 
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Hinh 2.1. a- C&u true nude long g6m nhieu vung v6 tr&t tu va tr&t tu 
hop thanh, m6i vung nho do dupe coi nhu mdt “lop” (tr6n hinh, 6 
vung tr&t tu, khdng bieu diln du 4 li6n kfc't quanh m6i nguySn tu oxi); 
b- Su tao H6n k£t hidro d nude da; c- C&'u true cua nude da. 
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Khi giam nhidt dd, cac vung vd trat tu chuyen d£n thanh trSLt tu va khi dat ddn 
nhiet do nong chay thi chung bat d£u ket tinh thanh trang thai ran trong do tat ca cac 
phan tu duoc sap xdp theo mdt trat tu xac dinh. Nguoc lai, khi tang nhi£t dd thi cac 
vung trat tu chuyen dan thanh cac vung vd trat tu. Khi dat ddn nhiet dd sdi thi 
chuyen thanh cac phan tu hoan toan tu do. 

Tir nhidt dd nong chay ddn nhiet dd sdi la khoang nhiet dd d do dung m6i la 
'chat long. Tir bang 2.1 va 2.2 ta thdy, nhidu dung mdi nhu nude, axetonitril, 
tetrahidrofuran (THF), dimetylsufoxit (DMSO), benzen, cacbon tetraclorua, clorofom, 
etanol, metanol ... la chat long d nhidt dd phong va ap sudt khi quydn. Ndu su dung 
duoc nhung dung mdi nay la thuan tidn nha't vi didu kidn lam vide vdi chung dd dang. 
Nhieu phan ung hoa hoc hoac qua trinh san xua't c£n phai tien hanh d nhidt dd cao 
hon hoac thdp hon nhidu so vdi nhidt dd phong. Khi dd phai lira chon de su dung mdt 
trong cac dung mdi nhu dimetyl fomamit, dimetyl sunfoxit, axit sunfuric hoac 
axetonitril, hidro florua,... mdi thich hop. 

The nong chay cua cac mudi cung co th£ coi la cac dung mdi long. Ching han, 
trong nhung qua trinh didu che mudi cua cac kim loai hoa tri tha'p nhu Cd 2 [AlCl 4 ] \, 

[(C 2 H 5 ) 2 H 2 N] 2 [Re 2 Cl g ] phai tidn hanh trong cac mudi nong chay, nhidt dd phan ung 
khoang vai tram dd : 


CdCl 2 + Cd 


A1C1 


3 long 


RCjClg 


(C 2 H 5 ) 2 K 2 NCI 


long 


*Cd? + [AlCl 4 ]2- 


Dac biet, khi san xua't nhdm trong cong nghiep bang phuong phap dien phan 
ngudi ta dung criolit Na 3 [AlF 6 ] nong chay dd hoa tan nhdm oxit (A1 2 0 3 ). Nhiet dd 
phan ung tdi grin 1000°C. 


2.5.2. Phan loai dung mdi 

a. Dung mdi nude va dung mdi khac nu&c (non-aqueous solvent) 

Nude la dung mdi pho bien va quan trong nha't. Nude chidm tdi 70% be mat 
Trai £)a't. Chung ta su dung nude hang ngay, vi vay, vin cho rang do la mot chat long 
binh thudng. Tuy nhien, chinh nude thudng lai la mot chat long cd rat nhidu didm bat 
thucmg so vdi cac chat long khac. Vd phuong dien dung mdi, nude la mdt dung mdi 
tuyet vdi, no hoa tan duoc rdt nhidu chat, tir nhung hop chat ion, cac hop chat phan 
cue manh, nhung hop chat huu co phan cue ydu den ca nhung khi hoan toan khdng 
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phan cue nhu 0 2 , N 2 ... Chfnh vi vay, nude la dung m6i khdi ngu6n cho su sdng va 
cung la dung m6i co y nghla quyet dinh su t6n tai cua moi ca thd sdng. Sd di nude 
dam nhan duqc vai tro van nang va trong yeu nhu vay la vi cdu true phan tu cua no 
(hinh 2.2). 



(a) (b) (c) 


Hinh 2.2. Phan tu nude: a- electron bi hut vd phfa oxi; b- 2 cap electron 
tu do d O; c- phan tur nude gon nho nhung la mot ludng cue manh. 

Phan tu nude td hop trong minh no hai dac diem quan trong cua dung mdi: 1) 
No la mdt ludng cue manh; 2) No co kha nang tham gia tao lien ket hidro vita vdi tu 
each "cho proton" vita vdi tu each "nhan proton". That vay, hai lien kd't O-H phan 
cue manh hop vdi nhau mdt goc 105° lam cho phan tur nude co momen ludng cue kha 
ldn (8 + ) nen dd dang tao lien kd't hidro vdi cac nguyen tu cua cac nguyen td' am dien. 
Nguyen tu O cua phan tu nude con hai cap electron tu do lai mang dien tich(8 - ) nen 
rat dd tidp nhan H 5+ dd tao ra lien kd't hidro (hinh 2.2.b). 

Tfnh chat ludng tmh cung la mdt uu didm cua nude vdi tu each la dung mdi. 
Khi gap chat tan la axit manh hon, no the hien nhu mdt baza. Khi gap chat tan la 
baza manh hon, no thd hien nhu mdt axit. Ngoai ra tinh ben nhiet cao cung la mdt uu 
diem cua nude. 

Co nhidu dung mdi khac nude cung rat quan trong khong nhung trong nghien 
curu ma ca trong san xua't va ddi sdng. Dung mdi khdng phai nude thudng gap nhat la 
cac dung mdi huu ca nhu.n-hexan, benzen, etanol, metanol, ete etylic, axeton, 
clorofom, dicloetan, dimetylsunfoxit... hoac cac chat vd ca nhu CS^ S0 2 (long), NH 3 
(long), CH 3 COOH (nguydn chat), H 2 S0 4 (tinh khid't), HF (long),(bang 2.3 va 2.4). 

b. Dung mdi phan cue vd dung mdi khdng phan cue 

Dung mdi phan cue la dung mdi co chua mot hoac nhidu lidn kd't cong hoa tri 
phan cue manh lam cho phan td co momen ludng cue ldn. Su chenh lech vd do am 
dien gitfa hai nguydn tu cang ldn thi lidn kd't giua chung cang phan cue: 
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Lien ket phan cue nhi^u Lien k£t phan cue vtra Lien k£t hau nhu 

khGng phan cue 

C=0, S=0, C^N, O-H.F-H N-H, C-O, C-N, C-Cl C-C, C-H. C-S 

Nude la dung mGi phan cue manh vi momen luong cue Ian 1,86 D ma phan tu 
lai gon va nho (hinh 2.2c). Hidrocacbon nhu hexan, benzen chi chura cac lien ket 
cacbon - cacbon khGng phan cue hoac C-H hau nhu khGng phan cue nen chung la 
nhung dung moi khong phan cue. 

Giua dung mGi loai phan cue manh va dung mGi khong phan cue la nhung dung 
mGi phan cue trung gian. Chang han, metanol (CH,OH), etanol (C 2 H 5 OH) co lien ket 
O-H phan cue manh, lien ket C-0 phan cue yeu nen la nhung dung mGi phan cue 
kha, con ete etylic (QHjOQH,) chi co lien ket C-0 phan cue yeu nen no la dung 
moi phan cue yeu. Dai luong quan trong dac trung dinh luong dG phan cue cua dung 
moi la momen luong cue (xem bang 2.3 va 2.4). 

c. Dung moi proton va dung moi khong proton 

Dung moi proton (protic sonvent) la nhung dung mGi ma phan tu cua chung 
chtia cac proton co kha nang tu ion hoa d£ tao ra proton sonvat hoa va chung it nhi6u 
co tinh chat axit Bronstet. Thi du H 2 0, HF long, HCN long, H 2 S0 4 , QHsOH, 
C 6 H 5 OH, C 6 H 5 NH 2 ... Ngay ca NH 3 , thudng dupe coi la bazo, d trang thai long cung 
la dung moi proton va co th^ nhudng proton cho cac bazo manh hon no. MGt dac 
trung dinh luong cho cac dung mGi proton la hang s6' tu phan li cua chung. Hang s6' 
tu phan li cua dung moi cang lom thi luc axit cua no cang manh. Luc axit cua dung 
moi proton co vai tro to ldn dG'i vdi luc axit hoac luc bazo cua axit hoac bazo tan 
trong dung mGi do. 

Tinh chat vat li cua mot sG' dung moi proton duqc liet k6 d bang 2.3. 

Dung moi khong proton (aprotic sonvent) la nhung dung mGi khGng tu ion hoa 
de tao ra proton sonvat hoa. ThuGc loai nay co : Cac dung mGi khGng phan li, khGng 
phan cue hoac phan cue rat ye'u nhu CC1 4 , CS 2 va hidrocacbon; Cac dung mGi khong 
phan li, nhung phan cue va sonvat manh nhu dimetyl sunfoxit (DMSO), dimetyl 
focmamit (DMFA), axetonitril (CH 3 CN), tetrahidrofuran (THF), sunfu dioxit (S0 2 ); 
Cac dung moi phan cue manh, co kha nang tu ion hoa nhu BrF 3 , IF S , Cl 3 PO . Cac 
dung mGi BrF 3 , IF S , Cl 3 PO... deu co kha nang phan umg cao. Nhung chuyen hoa hoa 
hoc xay ra trong chung thudng duqc mG ta bang thuat ngu phan ung axit - bazo. 

Tinh chat vat li cua mGt sG' dung mGi khGng proton duqc liet ke ra d bang 2.4. 
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Bang 2.1. Tfnh chat vat If cua mdt s6 dung moi proton 


t % 


Ten 

COng thirc 

t °c 

l nc> 

t s °C 

Mdmen 
luong cue 

P(D) 

Hang s 6 dien 
m 6 i, e 

Axit flosunfonic 

HS0 3 F 

-89,0 

162,7 


*120 

Axit sunfuric 

h 2 so 4 

10,37 

328,6 


100 

Axit nitric 

HN0 3 

-41,6 

86 

2,16 


Axit photphoric 

H 3 PO 4 

42,35 



*61 

Hidro florua 

HF 

-89,4 

19,51 

1,91 

60 (19°C) 

Hidro clorua 

HC1 

- 114,6 

-84,1 

1,03 

9,28 (- 95°C) 

Axit fomic 

HCOOH 

8,3 

100,5 

1,74 

57,9 (20°C) 

Axit axetic 

CH 3 COOH 

16,6 

118,2 


6,19 

Axit trifloaxetic 

HOOCCF 3 

-15,4 

71,8 



Hidro xianua 

HCN 

-13,2 

25,7 

2,8 

106,8 

Hidro sunfua 

h 2 s 

-85,5 

-60,3 

0,93 

10,2 (-60°C) 

Hidro peoxit 

h 2 o 2 

-0,9 

151,4 

2,10 

93,7 

Nude 

h 2 o 

0,0 

100,0 

1,84 

78,5 

Metanol 

CH 3 OH 

-97,9 

64,7 

1,70 

32,6 

Etanol 

CjH 5 OH 

-114,6 

78,5 

1,69 

24,3 

Propanol 

n-C 3 H 7 OH 

-127 

97,8 


19,7 

iso -Propanol 

/\yo-C 3 H 7 OH 

4 -85,8 

82,5 


18,3 

Phenol 

QH 5 OH 

41 

182 

* 

98(60°C) 

Hidrazin 

N 2 H 4 

1,5 

113,5 

n 

00 

u* 

51,7 

Amoniac 

nh 3 

-77,7 

-33,38 

1,48 

16,9 (-50°Q 

iso-Propyllamin 

/jo-C 3 H 7 NH 2 

- 101,2 

34 


5,5 (20°Q 

Amlin 

c 6 h 5 nh 2 

-6,2 

184,4 

1,53 

6,89 (20°C) 
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Bang 2.2. Tmh chat vat If cua mdt s 6 dung mGi khGng proton 


Ten 

Cdng thtic 

t °c 

l nc» 

t„ °c 

Mdmen 
luang cue 
P(D) 

Hang sd didn 
mGi, e 

Sunfu dioxit 

S0 2 

-72,7 

-10,2 

1,67 

12,3 (22°C) 

Dinito tetraoxit 

n 2 o 4 

- 11,2 

21,15 

0.32 

2,4 (18°C) 

Asen triflorua 

AsF 3 

-8,5 

63 


5,7 (< -6"C) 

lot pentaflorua 

IF5 

9,6 

98 


36.2 (35°C) 

Brom triflorua 

BrF 3 

8,8 

127,6 

1,19 


Photpho triclorua 

PC1 3 

-91 

76,0 

0,78 

3,43 (25°C) 

Disunfu diclorua 

S 2 CI 2 

-80 

135,6 

1.6 

4,79 (15°C) 

Asen triclorua 

AsC1 3 

- 18 

130,2 


12,8 (20°C) 

Stibi triclorua 

SbCl 3 

73 

233 

3,93 

33,0 (75°C) 

ThiGc tetraclorua 

SnCl 4 

-30,2 

114,1 

0,00 

2,87 (20°C) 

lot monoclorua 

IC1 

27,2 

100 

0,65 


Nitrozo qlorua 

NOC1 

-61,5 

-5,4 


19,7 (-10°C) 

Cacbonyl clorua 

COCl 2 

- 104 

83 


4,3 (22°C) 

Thionyl clorua 

SOCl 2 

-104,5 

79 


9.0 (22°C) 

Photpho oxiclorua 

POCl 3 

1,25 

105,3 


13,9 (22°C) 

Selen oxiclorua 

SeOCl 2 

10,9 

176,4 


46(20°C) 

Stibi tribromua 

SbBr 3 

97 

280 


20,9 (100°C) 

Asen tribromua 

SeBr 3 

35 

220 


8,8 (35°C) 

lot monobromua 

IBr 

41 

116 

1,21 

■ ■ ■ 

Thuy ngan (II) 
bromua 

HgBr 2 

238 

320 


9,8 

Thiec tetraiodua 

Snl 4 

143,5 

340 

0,00 


lot 

' I 2 

113,7 

184,3 

0,0 

11,1 (118°C) 

n-Hexan 


-94,3 

69,0 

0,08 

1,90 

/.so-Octan 

/•so-C 8 H 18 

-118,3 

117,2 


1,94 (20°Q 

Dodecan 

Ci 2 H 26 


210 


2,0 

Benzen 

C 6 H, 

5,5 

80,1 

0,0 

2,27 

Cacbon 

tetraclorua 

CC1 4 

-22,8 

76,8 

0,0 

2,23 

Clorofom 

CHC1 3 

-63,5 

61,3 

1.15 

4,70 

Diclometan 

ch 2 ci 2 

-96,7 

40,1 

1,58 

8.9 
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Bang 2.2. (tiep theo) 


Ten 

Cbng thtic 

t °c 

l nci 

ts. °c 

M6 men 
luong cue 
P(D) 

Hang s6 
dien m6i, £ 

Etylen diclorua 

C1CH 2 CH 2 C1 

-35,3 

83,7 

1,75 

10,36 

Tetracloetan 

ci 2 chchci 2 

-43,8 

146,3 



Clorobenzen 

c 6 h 5 ci 

-45,2 

132 


5,62 

Pefloheptan 

*-C 7 F, 6 

-51 

82,5 



Dietyl ete 

(C2H 5 ) 2 o 

-116,3 

34,6 

1,15 

4,22 

Tetrahidrofuran 

(THF) 

och 2 ch 2 ch 2 ch 2 

-65 

65,4 

1,63 

7,39 

1,2-Dimetoxyetan 

ch 3 och 2 ch 2 och 3 

-69 

85,2 


3,5-6,8 

Diglime 

CH 3 (OCH 2 CH 2 ) 2 OCH 3 

-64 

162,0 


• •• 

Dioxan 

pCH 2 CH 2 OCH 2 (^H 2 

11.7 

101,5 

0,45 

2,21 

Etyl axetat 

C 2 H 5 OCOCH 3 

-83,6 

77,1 


6,02 

Axeton 

ch 3 coch 3 

-95,4 

56,2 

2,84 

20,7 

Axetonitril 

ch 3 cn 

-45,7 

81,6 


36,2 

Piridin 

c 5 h 5 n 

-41,8 

115,5 

2,19 

12,3 

Nitrometan 

ch 3 no 2 

-28,5 

101,2 

3,46 

38,6 (20°C) 

Nitrobenzen 

c 6 h 5 no 2 

5,7 

210,9 

4,22 

34,6 

Fomamit 

hconh 2 

2,55 

193 


109,5 

N-Metylfomamit 

hconhch 3 


111,2 


182,4 

Dimetylfomamit 

(DMFA) 

HCON(CH 3 ) 2 

-61 

153,0 

3,82 

36,7 

N-Metylaxetamit 

CH 3 CON(CH 3 ) 2 

29,8 

206 


178,9 (30°C) 

Dimetylaxetamit 

CH 3 CON(CH 3 ) 2 

20 

166,1 

3,79 

37,8 

Cacbon disunfua 

CS2 

-111,6 

46,3 


2,64 

Dimetyl sunfoxit 
(DMSO) 

(CH 3 ) 2 SO 

18,55 

189,0 

3,96 

47,6 (23°C) 

Sunfolan 

(CH 2 ) 4 S0 2 

28,37 

283 


.. . 

Dimetyl cacbonat 

ch 3 ocooch 3 

5,0 

90,4 



Etylen cacbonat 

9ch 2 ch 2 9CO 





Propylen cacbonat 

9ch 2 ch 2 ch 2 oco 

... 

244 


... 

Tri-n-butyl photphat 

(/?-C 4 H 9 0) 3 P0 

<-80 

289d 


... 


135 


































































































2.5.3. Momen luting cue va hang so dien moi 

Nhirng dung moi thting dung thudng la nhirng dung mdi phan tu, ttic la chung 
t6n tai chu yeu d dang phan tu. Momen ludng cue va hang sd dien mdi la hai dai 
luong quan trong dtii vdi cac dung moi phan tu, dac biet la ddi vdi dung mdi phan 
cue. 

Momen luong cue (p) dac trung cho su phan cue cua phan tu dung mdi, con 
hang sd dien mdi (e) thi dac trung cho kha nang cua dung mdi lam giam luc hut giua 
cac dien tich trai ddu nhu giua cac ion am va duong chang han. 

6 bieu thtic cua dinh luat culdng, hang sd dien mdi nam d mau sd, vi vay khi 
hang sd dien mdi tang thi luc tuong tac giua cac ion giam : 


2 

47 ter 

Z,, Z 2 - dien tich cua cac ion; 

e - hang sd dien mdi; 

r - khoang each giua cac ion. 

Hang sd dien mdi va momen ludng cue cua dung mdi lien quan mat thidt vdi 
nhau. Tir bang 2.3 va 2.4 ta tha'y, noi chung, cac dung mdi khdng phan cue hoac phan 
cue it (momen ludng cue bang khdng hoac rat nho), thi du nhu benzen, tetraclorua 
cacbon, dinito tetraoxit... thudng co hang sd dien mdi thap (e < 5). Cac dung mdi co 
momen ludng cue ldn thudng co hang sd dien mdi cao (e > 40) nhu axit xianhidric, 
hidro florua, nude;.. Cac dung mdi phan cue trung binh, thudng co hang sd dien mdi 
trung binh (e = 12 - 40), chang han : amoniac, sunfudioxit, etanol ... 

Kha nang hoa tan cac chat cua cac dung mdi long phu thude manh vao dd phan 
cue va hang sd dien mdi cua chung. Cac dung mdi long khdng phan li, khdng phan 
cue hoac phan cue it, dd th^m didn mdi nho nhu CC1 4 , hidrocacbon... thudng chi hoa 
tan cac chat khong'phan cue nhu iot, clo va brom. Nhirng dung mdi long phan cue 
manh va co hang sd dien mdi ldn thudng gay ra hieu ting ion hoa va hieu ting phan li 
ldn, nen hoa tan manh cac hop chat phan tir phan cue va cac hop chat ion. 

Kha nang dien li cua cac chat dien li trong cac dung mdi long phu thude manh 
vao hang sd dien mdi cua dung mdi. Thi du nhu khi thay nude co hang sd dien mdi 
cao (e = 80) bang etahol (e = 25) lam giam su dien li cua cac muoi, lam cho mudi trd 
thanh chat dien li truhg binh. Cac chat dien li yeu, thi du, cac axit yeu, d trong dung 
mdi co gia tri e nho, qo the khdng dien li. 

Ndu nhu trong nude, ngay ca d ndng do dam dac cua chat dien li, su tao thanh 
cap ion co xac sua't nhp (vi gia tri e H20 cao), thi trong cac dung mdi khdng phai nude 
su tao thanh cap ion lai xay ra khdng co ngoai le. Khi ndng dd cua chat dien li trong 
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dung mdi khdng phai nude tang thi kha nang sinh ra trong dung mdi do cac tieu phan 
lidn hop 3 hoac 4 ion cung tang ldn. 

Tir bang 2.3 va 2.4 ta thay, khoang bien doi gia tri hang so dien moi cua cac 
dung moi long khac nhau la rat ldn: tir 179 a N-metylaxetamit, 100 doi vdi H 2 S0 4 , 
78 ddi vdi H z O, den 2,3 d benzen. Trong cac dung dich etanol (8 C2H50 h = 24,3), cac 
chat dien li manh dien li d mire do ro ret. Nhung trong benzen va ete (e (C2 H 5)0 = 4,22) 
chat dien li manh khong bi phan li va hau nhu khong bi hoa tan. 

Dp tan cua m6t chat da cho trong cac dung moi khac nhau khong tang dan theo 
trat tu tang dan d6 phan cue hay hang so dien moi cua dung moi raa thuong di qua 
mbt cue dai. Cue dai cua d6 tan dat dupe d6'i v6i dung m6i nao ma luc tuong tac giua 
cac phan tu cua chung gan vdi luc tuong tac giua cac phan tu cua chat tan (quy luat 
Xemenchenko). Quy luat do dupe minh hoa beri thi du 6 hinh 2.3. 


Hinh 2.3. Su phu thuoc do tan cua 
rezoxinol /n-(HO) 2 C 6 H 4 vao hang 
so dien moi cua cac dung moi d 
30°C. X r la nong dp phan mol cua 
rezoxinol. Tren duong cong, o m6i 
mot diem thuc nghiem chi ra cPng 
thurc hoa hoc cua dung moi. 

Tren hinh 2.3 bieu di6n su 
bien thien dp tan (tinh ra phan 
mol) cua rezoxinol (m-(HO) 2 C 6 H 4 ) 
trong cac dung moi co hang so 
dien moi tang dan. Ducmg net lien 
cho tha'y dp tan dat cue dai 6 axeton, mot dung mdi co e trung binh va co kha nang 
tao li6n ket hidro ben vdi rezoxinol: 



CH 

CH 


3 



Hang so dien mdi cua ancol terbutylic, (CH 3 ) 3 COH (e = 12,5) hau nhu bang 
hang so dien mdi cua piridin (8 = 12,3). Nhung dp tan cua rezoxinol trong piridin lai 
tang len dpt ngot (piridin : dudng net dirt d hinh 2.3). Dieu do dupe giai thich la do 
giua chat tan va dung mdi da xay ra tuong tac axit - baza manh hon nhieu so vdi lien 
ket hidro: 


137 




HO _ HO HO _ 

<O>0H t <o>^ <0 >°h-<0> — \O> 0H <O> 

2.5.4. Sir sonvat hoa va phuc dung moi 
a. Khai niem sonvat hod 

6 cac phSn tren chung ta da tha'y tuong tac cua cac phan tu dung moi vdi cac 
tieu phan cua chat tan (ion hoac phan tCr) dong vai tro quan trong trong su hoa tan. 
Cung chinh tuong tac nay da giu cho dung dich duoc ben virng, tufc la giu dupe cac 
tieu phan chat tan t6n tai trong dung dich ma kh6ng k6't hop tro lai v6i nhau. Tuong 
tac do chinh la sir hut tuong h6 giua ti^u phan chat tan v6i cac phan tur dung moi bao 
quanh no. Su tap hop cac phan tu dung moi xung quanh m6i ti^u phan cua chat tan 
chinh la su sonvat hoa. Trong truemg hop dung moi la nude, ngubi ta goi la sir hidrat 
hoa. Hien tai nhung hi^u biet chinh xac va chi ti6't v& so lupng va su phan b6 khong 
gian cua cac phan tur dung m6i trong m6i trubng hop sonvat hoa la chua that day du. 
Ta co the hinh dung su sonvat hoa mpt cation dupe trinh bay b hinh 2.4. 



'Hinh 2.4. So do su tap hop cac phan tur nude xung quanh mot cation. 

Log, vo hidrat trong cung, gia sir gom 6 phan tu nude thudng phan bo d 6 dinh 
cua mot bat dien ma tarn la cation (D6 don gian hoa trong so do d hinh 2.4 khong ve 
ca'u true lap the). O ldp trong cung co su dinh hudng ro rang cua mot s6 lupng nha't 
dinh phan tu dung mdi (thay doi tuy timg trudng hop). 
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Ldp vo tid'p theo goi la vung dinh hudng chuyen tiep. 6 ldp nay cac ludng cue 
chi chiu anh hudng yeu cua dien tfch duong cua cation nen sir dinh hudng khong 
hoan toan ro rang nhir d ldp ben trong va chuyen dong nhiet co the cho phep cac 
phan tu dung m6i quay tu do ft nhi^u. Ngoai hai ldp tren ra la nhirng vung trat tu va 
nhung vung h6n don cung vdi cac phan tu tu do cua dung moi. Khi hang so dien moi 
giam thi kfch thude vung dinh hudng chuyen tiep tang. He qua cua su sonvat hoa la 
mat do a vung dinh hudng chuyen tiep cao hem so vdi mat do ban d^u cua dung moi 
tuc la su sonvat hoa lam giam th6 tfch. Tong hop cac loai luc hut giua cac phan tu 
lam phat sinh mot "ap suat n6i" tac dung len moi phan tu trong dung moi tdi hang 
ngan atm. 

b. Luc giua cac phan tu trong dung dich va su sonvat hod 


Nguyen nhan gay ra su sonvat hoa khong co gi khac la do luc hut giua ion vdi 
phan tu va giua phan tu vdi phan tu. Do chfnh la luc giita cac phan tu con goi la luc 
lien phan tit. Trong su sonvat hoa, ndi bat co cac luc sau day : 

• Lite ion - luang cue 


Luc ion - ludng cue la yeu td co ban xac djnh tfnh tan cua cac hop chat ion 
trong nude. Khi hoa tan muoi, mdi ion tren be mat tinh the bi hut bdi d£u trai dau 
cua ludng cue nude. Luc hut nay thang luc giua cac ion trong tinh the va burt dupe 
cac ion khoi tinh the. Khi do cac ion bi bao boc bdi nhi6u phan tu nude va tdc la bi 
sonvat hoa. So lupng phan tu nude bao quanh ion d ldp trong cung phu thude vao 
kfch thude cua ion. Chang han, cac ion nho nhu Li" dupe bao boc tu dien bdi 4 phan 
tu nude, con ion Na + thi dupe bao boc luc dien bdi 6 phan tu nude. Cac phan tu nude 
nay lai lien ket hidro vdi cac phan tu nude tiep theo d vung dinh hudng chuyen tiep 
(hinh 2.5). 



Hinh 2.5. Ldp hidrat hoa trong cung: a- cua Li + ; b- cua Na + ; 

I—> chi su dinh hudng cua ludng cue nude; 

da'u — biau di£n lien kdt hidro vdi cac phan tu nude d vung dinh hudng chuyen tiep. 
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Cac phin tu ancol nho nhu metanol, etanol c6 momen luong cue nho hon »o vdi 
nude khdng nhieU nen cung sonvat hoa cation nhd luc ion - luong cue. Nhung do 
chung co hang sd dien mdi thua kem han nude (bang 2.4) n6n lam giam khdng nhi£u 
luc tuong tac giua cac ion, do do chi hoa tan rat kem cac mudi v6 co. Trong khi do, 
nhung dung mdi huu co khdng proton nhu DMSO, DMFA lai hoa tan dupe kha nhidu 
mudi vo co. Do la do mdt mat chung la nhung luong cue manh, mat khac chung cung 
co hang so dien mdi kha ldn (bang 2.4). Chinh vi thd chung la dung mdi If tudng khi 
can thuc hien phan ling giua chat huu co khdng tan trong nude vdi mdt mudi vd co. 
Khac vdi nude va ancol, su sonvat hoa cua dung mdi nay hoan toan chi do luc ion - 
luong cue ma khdng co su tham du cua lidn kdt hidro (hinh 2.6). 


H 3 C 

\ 

+ s = 0-> 

/ 

h 3 c 

(a) 




Hinh 2.6. Su sonvat hoa bdi DMSO (a) va DMFA (b). 


Su sonvat hoa bdi cac luong cue cua cac nhom C-O-C trong Crao da din tdi sir 
tao phurc cua cac ion kim loai vdi ete crao. 6 cac phde chit nay> cation kim loai bi 
giu chat trong "ldng" nen anion dupe tu do va trd ndn hoat ddng manh hon (hiivh 


2.7). 




r I f M 

H 2 C \ ^0 
H 2 c ch 2 


(a) 


(b) 


Hinh 2.7. a- Phurc chit cua [12]-crao-4 vdi Li + ; 
b- Phurc chit cua [18]-crao-6 vdi K + . 

• Luc ludng cue - ludng cue vd lien ket hidro 

Nhung phin tu phin cue khdng tao lien kdt hidro tuong tac vdi nhau trude hdt 
bdi luc ludng cue - ludng cue. Khi do, cac diu trai diu cua ludng cue cua phin tu 
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dung m6i vh chat tan hut lan nhau chang han nhu d hinh 2.8. 


h 3 c x 

-f- c=o —► 

h 3 c x 




(a) 


h 3 c^ 

-(— c=o 

HaC 7 


H 

\ 

—► -t— c=o —► 

/ 

N 

H 2 C' ^CHa 


(b) 


h 3 c x 

+-o —► 

/ 

H 



-HH—C, 


v'- 

Cl 


Cl 


(c) 


Hinh 2.8. Tuang tac ludng cue giua axeton vdi triclophotpho (a); 
axeton vdi DMFA (b); metanol vdi clorofom (c). 


Su tao thanh lien ket hidro chinh la mot dang dac biet cua tuang tac giua cac 
ludfng cue : nguyen tu H mang didn tich duong 5 + tucmg tac vdi cac nguyen tu F, O, 
N mang 8~ va co su tham gia cua cap electron chua lien ket ciia chung. 

Lien ket hidro dong vai tro cue ki quan trong trong vide sonvat hoa cac anion 
va cac phan til huu ca chura O, N. 

Cac anion dan nguyen tu co kfch thude 16n han cac cation, vi vay tuang tac ion 
- ludng cue cua chung khdng manh. Trai lai, chung dd dang tao lien ket hidro vdi 
dung mdi proton. Ching han, cac ion halogenua, xianua, va xianat bi sonvat hoa bdi» 
cac phan tu nude nhu d hinh 2.9. 


O 

I 

H 

: h 

: / 


O — H -- 

/ 

H 


-F 

• 

I 

I 

H 

I 

O 


- —H—O 


H 


(a) 


H 

\ 

O —H-‘C= N-H—O 

\ 

H 

(b) 

H 

\ 

0—C=N-H—O 

\ 

H 

(c) 


Hinh 2.9. Su sonvat hoa anion florua (a); xianua (b); xianat (c). 


Cac phan tu huu ca co kfch thude va khd'i luang phan tu ldn nhu saccaroza 
C 12 H 22 O n , oligosaccarit deu tan tot trong nude va ngay ca amyloza (C 6 H, 0 O s ) n 
(n = 400 -1000) cung tan duac mdt ph^n trong nude 70°C. Nguyen nhan chu yeu la 
do mdi mat xich trong phan tu cua chung co 3 nhom OH va hai nguyen tu O cua ete 
deu co kha nang tao lien ket hidro vdi nude. Cac phan tu protein la nhung dai phan 
tu, vay ma nhd co lien kd't hidro va nhung ion ludng cue cd mat d phan tu nen chung 
cung tao duac dung dich keo khi hoa tan vao nude. 
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• Luc ludng cue cam ting 

Khi mot ion hoac mot luting cue d g£n mdt tidu phan khdng phan cue. no lam 
bien dang 16p vo electron cua ti^u phan nay lam cho tieu phan khdng phan cue tret 
thanh mot luting cue cam ting. Khi do, xuat hidn lire ion — luting cue cam ting hofc 
luting cue - luang cue cam ung. Thi du, cac phan tu khting phan cue nhu O z , N 2 tan 
duoc ra't it trong nude la nhd luang cue - luang cue cam ting (hinh 2.10). 

-«• - 0 - 

(a) (b) 

Hinh 2.10. Phan tu nude gay ra ludng cue cam ting d oxi (a) va d agon (b). 

6 cac phan tu nhu H 2 , 0 2 , N 2 , CC1 4 , CS 2 trong tarn didn tich am cua cac 
electron va trong tarn dien tich duong cua cac hat fthan trung nhau. Vi vay, chung la 
cac phan tu khdng phan cue. 6 nguyen tu khi hiem, trong tarn dien tich electron 
trimg vdi hat nhan. Do la phan tu hoan toan khdng phan cue. Tuy nhien, vi electron 
luon ludn chuyen ddng, do do ludn ludn co nhung thdi diem ma trong tarn dien tich 
electron khdng trung vdi trong tarn dien tich hat nhan. Tting thdi diem do phan tu 
khdng phan cue ve tong the lai co momen ludng cue ttic thdi. 

Luc khuech tan la luc tuang tac giua cac momen ludng cue ttic thdi xua't hidn 
do sir khdng trung ttic thdi trong tarn dien tich electron vdi dien tich duong cua hat nhan. 

Chting ta c£n nhd rang, lire khuech tan tuy la yeu han so vdi cac luc ke tren 
nhung no ludn ddng gop vao su hoa tan, sir sonvat hoa cua moi chat trong moi dung 
moi d cac mtic dd khac nhau. Trong trudng hgrp chat tan va dung mdi deu khdng 
phan cue thi dd la luc chinh yeu trong dung dich. Chang han, dau mo gdm hang tram 
hidrocacbon, trong dd hidrocacbon d the long hoa tan hidrocacbon d the ran va ca d 
the khi nua. Su sonvat hoa trong trudng hap nay chu yeu la do luc khuech tan. 

• Tuang tac cho - nhan 

Nhung phan tti dung mdi co chtia cac cap electron chua tham gia lien k£t (cap 
electron tu do) khi d ldp sonvat hoa trong ciing thudng tao thanh vdi ion kim loai lien 
ket cho - nhan d cac mtic do ben vung khac nhau. Tuang tac cho - nhan thudng gap 
trong su sonvat hoa cac ion kim loai co dien tich duong ldn. Chang han Cu 2+ , Al 3+ va 
Fe 3+ trong dung dich nude ton tai dudi dang cac hidrat vdi 4 hoac 6 phan tu nude. 

Kha nang sonvat hoa theo kieu phd'i tri vdi cac cation dien hinh cua mdt sd 
dung mdi thdng thudng giam theo trat tu sau: 

DMSO > DMFA * H 2 0 > (CH 3 ) 2 CO * CH,CN > CH 3 NQ 2 
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Noi mdt each tdng quat, tuong tac cho - nhan c6 the xay ra giua tieu phan cua 
chat tan (ion hoac phan tur) va phan tur dung mdi khi mdt ben co obitan phan til da 
di6n electron d mure cao (HOMO) va mdt ben co obitan phan tir con trdng d mure tha'p 
(LUMO). Khi chung dupe dinh hudng dung thi tuong tac cho - nhan xay ra lam on 
dinh he. Chinh tuong tac nay da tao ra mdt loai phurc chat goi la phtic dung moi 
(solvento-complexes). Thi du mdt sd' phurc dung moi duoc dieu che' nhu sau. 

[Cu(dmso) 4 ][C10 4 ] 2 : Hoa tan d6ng(II) peclorat ng$m nude trong Me 2 CO roi 
them DMSO; dun h6i luu, cat chan khdng du6i dung moi. Ket tinh trong DMSO. 

[Cu(dmso) 6 ][BF 4 ] 2 : Hoa tan dong(II) tetrafloro borat trong DMSO roi cat du6i 
dung mdi trong chan khdng. 

[Mg(dmf) 6 ][C10 4 ] 2 : Phan ung cua Mg(C10 4 ) 2 khan vdi DMF. 

[Cu(MeCN) 4 ]A1C1 4 : Tach halogenua ttr mudi khan bang A1C1 3 trong MeCN. 

Lien ket cua phan tir dung moi vdi nguyen ttr trung tarn thuemg la yeu, vi the 
cac phde dung moi duoc dung lam chat trung gian trong t6ng hop cac phurc chat nhd 
phan ung the' phan tir dung moi bang cac phdi tur khac. 

2.5.5. Tinh tan cua phurc chat 

Tinh tan cua cac chat la m6t va'n d6 li thu nhung lai kha phurc tap. Vi the cho 
den nay chua co m6t thuyet t6ng quat \i tinh tan cua cac hop chat trong cac dung 
m6i. Tinh tan cua nhung hop chat v6 co don gian co th£ xem d cac tai lieu tham 
khao, 6 day chi thao luan ve tinh tan cua cac phtic chat. 

Yeu to co ban xac dinh d6 tan cua m6t chat la m6'i tuong quan \6 luc giua cac 
phan tu cua chinh no va luc giGa phan tir cua no vdi phan tir dung m6i. Thuc nghiem 
cho tha'y rang cac chat co luc giua cac phan tir tuong tu nhau thi hoa tan dupe vao 
nhau. Chang han, cac hop chat ion (nhu mu6'i, kiem...) hoac phan cue manh (nhu 
HC1, HBr...) thi tan trong dung m6i phan cue (nhu nude, axit sunfuric nguyen chat...) 
ma khdng tan trong cac dung mdi khdng phan cue (nhu hidrocacbon...). Mat khac, 
cac chat khdng phan cue hoac it phan cue nhu d£u, mo, cacbon disunfua, tinh the iot 
lai tan trong cac dung mdi khdng phan cue (nhu etxang, benzen, ete...) ma khdng tan 
trong nude. Tir day, ta co the hieu dupe cau ngan ngu tG lau da dupe rut ra tir thuc 
nghiem : "Giong nhau thi tan vao nhau". 

Qui tac nay cung chi phdi tinh tan cua phirc chat trong dung mdi nude va dung 
mdi khdng nude. 

Nhung chat tan td't trong nude dupe goi la ua nti&c (hydrophilic). Nhung chat 
tan td't trong d&u mo dupe goi la ua dau ma (lipophilic). Mdt chat tan td't trong nude 
(ua nude) thi thudng khdng tan trong dfiu md (ki dau ma). Mot chat tan td't trong d&u 
md (ua d£u md) thi thudng khdng tan trong nude (ki nude). 
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Nhung nhom mang lidn kdt ion hoac phan cue manh va tao lidn kdt hidro vdi 
nude la nhung nhom ua nude, nhung nh 6 m khdng phan cue (nhu cac gdc 
hidrocacbon) la nhung nhom ua dau md (k{ nude). 

Do tan cua phutc chat dupe xac dinh bdi quan he giua cac nhom ua nude va 
nhom ki nude trong thanh ph^n cua chung. Noi mdt each don gian, ndu trong thanh 
phan cua phutc chat cac nhom ua nude chidm uu thd hon cac nhom ki nude thi phtic 
tan duoc trong nude. Ndu trong thanh phan cua phuc chat, cac nhom kj nude chidm 
uu th£ hon cac nhom ua nude, thi phutc chat khong tan dupe trong cac dung mdi huu 
co khdng phan cue. Dudi day la vi du minh hoa: 



A tan tdt trong nude, kem tan trong dung mdi khdng phan cue. 

B tan it trong nude khi khdng co nhom thd (nhom R = H), khi R la cac nhom co 
kha nang tao lien ket hidro vdi nude nhu OH, NH 2 , COOH thi dd tan trong nude cua 
phutc tang ldn. 

C khdng tan trong nude, tan trong cloroform (do cac gdc hidrocacbon kj nude 
kha ldn). 

Khi tong hop va nghien curu cac phutc monoamin cua platin(II) K[PtAmCl 3 ] 
chung toi nhan tha'y kha nang tan trong nude cua chung giam khi gdc hidrocacbon 
cua amin ldn d£n. Chang han khi Am = NH 3 , MeNH 2 thi phutc tan tdt trong H 2 0, rat 
it tan trong EtOH. Khi Am = Py, Ph-NH 2 , C S H 10 NH, OC 4 H 8 NH, thi cac phutc 

tuong ung hoa tan dupe trong hdn hop rupu-nude. 

Ddi vdi day phutc cua Pt(II) chtia olephin khi dua cac olephin ldn vao clu phdi 
tri chung tdi cung nhan tha'y dd tan trong nude giam manh, dd tan trong dung mdi 
huu co tang ldn. Vi du: K[Pt(01e)Cl 3 ]: Ole = C 2 H 4 tan tdt trong nude, 1 mmol tan 
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trong 8 ml EtOH : H 2 0 1 : 1, Ole = CH 2 =CH-CH 2 -Ar (Ar = 3,4-CH 2 0 2 C 6 H 3 , 
3,4-(CH 3 0) 2 C 6 H 3 ) rdt ft tan trong nude, 1 mmol cua mdi chat tan trong 18 ml EtOH - 
H 2 0 1:16 nhiet dd phong. 

Khac vdi cac phurc di£n li vtira neu, cac phurc trung hoa loai [PtCl 2 AmAm'] 
hoac [PtCl 2 Am(01ephin)] hau nhu khdng tan trong nude rat ft tan trong hdn hop 
rupu-nude, nhung tan tdt trong etanol, axeton, axetonitril... 

Khi thay K 6 cau ngoai bang cac ion huu co kfch thude ldn hon thi do tan 
trong nude giam. Chfnh vi v&y khi dieu che cac phurc kali monoamintricloroplatinat 
(II) chung tdi thudng phai chon lua gia tri pH sao cho khdng tao ra nhidu ion [AmH] + 
d£ tranh kdt tua [AmH] [PtAmCl 3 ]. 

Nhung hi£u bidt ve tfnh tan cua phurc chat se giup lua chon dung mdi khdng 
nhung trong giai doan thuc hien phan urng, trong giai doan tach lay san pham ma ca 
trong giai doan tinh chd phurc chat. 

Phurc chat thudng duoc tinh che bang phuong phap ket tinh lai. Dung mdi de 
kdt tinh phai ft hoa tan phurc chat 6 nhidt dd thudng nhung hoa tan tdt phurc chat 6 
nhiet dd soi va khdng phan ung vdi phurc chat. Co nhieu trudng hop phai phdi hop 2 
hay 3 dung mdi theo cac ti le khac nhau mdi tao dupe mdi trudng thfch hop cho viec 
kdt tinh phurc chat. 

D£ ket tinh lai phurc chat, ngudi ta hoa tan bao hoa phurc chat 6 nhiet do sdi 
hoac g£n sdi cua dung mdi, ndu tha'y co tap chA't khdng tan thi loc nong de loai bo. 
Dd yen dung dich cho ngudi dd'n nhiet dd phong, neu tha'y tinh the tach ra ft thi lam 
lanh bang nude da. Loc la'y tinh the, rua tren phdu loc bang nhung lupng nho dung 
mdi dd bay hoi khdng hoa tan phtfc chat ma hoa tan dung mdi da dung de kd't tinh. 

2.5.6. Tong hop phurc chat trong dung moi khac nude 

Khi thuc hidn phan urng giua mud'i kim loai vdi cac phdi tu tan dupe trong nude, 
ngudi ta thudng dung nude lam dung mdi. Ddi vdi cac phdi tu huu co ft phan cue 
ngudi ta thudng su dung dung mdi la hdn hop ancol-nudc, axeton-nude, tetrahidro- 
furan - nude,... Dimetylsunfoxit, dimetylfomamit cung thudng dupe su dung vi 
chung vura hoa tan tdt nhi^u loai chat huu co lai hoa tan dupe nhieu mudi vd co. 

Phan urng tao phurc con dupe tien hanh trong dung mdi huu co ft phan cue nhu 
diclometan, clorofom, benzen,... Cac mudi kim loai thudng khdng tan trong cac dung 
mdi huu co do. De tao ra h6 ddng th£, ngudi ta thudng chuy£n cac ion kim loai thanh 
phtic dung mdi , ching han [M(dmso) 6 ]X n , [M(dmf) 6 ]X n (X la cac anion vo co). Tuy 
phurc dung mdi la cac phurc didn li nhung ph£n huu co trong chung kha nhieu nen 
chung khdng nhung tan trong chfnh dung mdi tao phurc ma con tan dupe trong nhi£u 
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dung mdi huu ca khac. Vi vay chung duac dung lam chat dau d i tdng h<?p cac phurc 
chat trong dung mdi khac nude. 

Khi tdng hop phurc chat trong dung dich nude, ngudi ta thudng thu xdp sao cho 
phufc chat tach ra d dang kdt tua con san phdm phu thi tan trong nude. Trong dung 
mdi khac nude thi nguoc lai: thudng thi san phdm phu ft tan tach thanh ket tua, edn 
phurc chat can tdng hop thi tan trong dung mdi da chon. 

Mdt phuong phap thudng dung dd thuc hien phan umg trao ddi ion la cho phuc 
chura halogenua phan umg vdi mudi bac chura anion can dua vao cau phdi tri trong 
dung mdi kho tao phurc (dung mdi ft kha nang cho). Do bac halogenua ket tua, dung 
mdi khong tao ducrc phurc du ben nen phan umg xay ra theo so d6 sau: 

L n M-X + AgY -> L n M-Y + AgX 


Thi du: 


/^NMe 2 

Cy\~* 

\^NMe 2 


MeCOOAg 
- AgBr 


NMe 2 

Pt—OOCMe 

JlMe 2 



Nd'u nhu trong mdi trudng nude vide tach phdi tut halogen thudng chi dua vao 
vide ket tua bac halogenua thi trong cac dung mdi huu co khdng phan cue co thd tach 
duac phdi tut halogen dudi dang mudi cua nhieu kim loai khac nhau. Didu do md ra 
kha nang thay the' halogen trong c£u phdi tri bang cac phdi tu huu co ra't da dang. 
Chinh vi vay phan umg trao doi theo ki£u tao ra mudi vo co it tan trong dung mdi huu 
ca thudng duac sir dung trong tdng hap phurc ca kim. Thi du, trong cac dung mdi nhu 
THF, diclometan, dietyl ete, 1,2-dimetoxietan,... ngudi ta da tdng hap mot sd phde 
chat theo cac sa do phan ung sau: 

Na[M(CO) 2 Cp] + RX -► [MR(CO) 2 Cp] + NaX 
Vdi M = Fe, Ru; R = n-C 6 H 13 + n-C 12 H 25 ; X = Cl, Br 

Na[Mn(CO) s ] + RC(0)C1 -> [Mn{C(0)R}(CO) s ] + NaCl 

[TiCl 2 Cp 2 ] + ClMg(CH 2 ) 3 CH=CH 2 -> [TiCl{(CH 2 ) 3 CH=CH 2 }Cp 2 ] + MgQ 2 
[PtCl 2 (SMe 2 ) 2 ] + 2PhLi -> [PtPh 2 (SMe 2 ) 2 ] + 2LiCl 
2 Na[Ru(CO) 2 Cp] + I(CH 2 ) n I ^ [CpRu(CO) 2 (CH 2 ) n Ru(CO) 2 Cp] + 2NaI 

6 nhumg phurc 2 nhan nay (CH 2 ) n (n = 2 -r 10) dong vai tro c^u ndi giua 2 
nguyen tur kim loai. 

Nhu da biet, cac anion nhu C10 4 ‘, BF 4 ‘, CF 3 S0 3 \... ra't kho phdi tri vdi kim loai 
(phdi tur "kern cho") , nha't la vdi kim loai chuydn tiep. Trudc kia chung thudng duac 
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goi la c£c anion "khdng phdi tri". The nhnng ngay tir nhung nam 1970, nhd sir dung 
nhirng dung mdi hum ca thfch hap ngudi ta da tdng hap duac cac phurc chura cac phoi 
tir loai "khdng phdi tri" do. Dua tr6n cac du kien v& pho IR va phd NMR dd'i vdi phurc 
chat loai [MX(CO) 3 Cp] vdi M = Mo, W, ngudi ta da nhan tha'y kha nang "cho" cua 
ph6i tir duac sap xep theo day sau: 

FAsF^', FSbF 5 , FPF 5 < FBF 3 < OS0 2 F < 0S0 2 CF 3 < 0C10 3 ' < OTeF 5 < 0Re0 3 « Cl 

Co the neu m6t sd thi du vd sir dung dung m6i hiru ca trong tong hap phurc chat 
vdi cac phdi tir "cho" nhu sau: Cho [PdCl 2 (dppe)] phan umg vdi AgC10 4 trong THF, 
metanol,... (kf hieu Solv), sau khi tach bo ket tua AgCl ngudi ta khdng thu dirac 
[Pd(Solv) 2 (dppe)] 2+ ma da thu duac phurc [Pd(0C10 3 ) 2 (dppe)]; phan umg cua 
[PdCl(L)(PPh 3 ) 2 ], trong do L = 2-(6-clopyridyl), vdi AgX (X = BF 4 , C10 4 , PF 6 ) trong 
diclometan/benzen ngudi ta da thu duac phurc 2 nhan, cho phurc 2 nhan do tac dung 
vdi pyridin ngudi ta thu duac phurc dan nhan chura phdi tu "kern cho", chang han: 



Dung mdi khac nude khdng hoa tan trong nude va co kha nang phdi tri con 
duac umg dung de chiet kim loai tur dung dich nude trong phuong phap chiet trac 
quang, hoac phuong phap tach cac nguyfen td dat hidm [53, 123, 124, 130]. 

Nhu vay co th^ tha'y rang dung mdi khac nude ngay cang duac sir dung rong rai 
trong tdng hap phurc chat va chung giup tao ra cac phuong phap tong hap mdi me din 
tdi cac loai phurc chat ma trong mdi trudng nude khdng th£ tdng hap duac. 

Nhirng dieu trinh bay tren cho tha'y tarn quan trong cua viec hieu biet sau vd 
dung mdi db'i vdi ngudi nghien cum phurc chat. 
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Chuong 3 

PHl/ONG PHAP XAC DINH THANH PHAN CUA PHt/C CHAT 


Vao cudi thd ki XIX nha hoa hoc tre ngudi Thuy SI Alfred Werner (Vecne, 
1866-1919, giai thudng Nobel nam 1913) bat d£u su nghidp nghidn curu phurc chat 
cua minh tur cac amoniacat kim loai vdi thanh ph£n khac nhau, ching han: 
CoC1 3 .4NH 3 , CoC1 3 .5NH 3 , CoC1 3 .6NH 3 ... Thanh edng rue rd cua thuydt phdi tri 
Vecne chinh la da giup dua ra dupe nhffng edng thurc ca'u tao va ca'u true phii hop vdi 
thanh phan va tinh chat cua cac hop chat ma then do ngudi ta khdng bidu didn dupe 
theo quan nidm v6 hoa tri thong thucmg. 

Phuong phap chu ydu ma Vecne sir dung dd nghidn cuu thanh phan va edng 
thurc cua phurc chat la phuong phap hoa hoc: phan tich nguydn td, thuc hidn cac phan 
umg xac dinh cac phdi t£r, thuc hidn vide tdng hop cac phurc chat d6ng phan theo du 
doan. Luc ba'y gid thuydt didn li cua Areniuyt da ra ddi va Vecne cung da sir dung 
phuong phap do dp dan didn dd minh chung cho nhung cong thurc cua minh. 

Ngay nay mac du chung ta co trong tay nhOng phuong phap hidn dai dd nghidn 
curu ca'u true cua phurc chat nhung nhung phuong phap tuong tu nhu Vecne da su 
dung van co y nghla quan trong..Chuong nay se gidi thidu mpt sd phuong phap hoa 
hoc va hoa li thudng dung trong vide xac dinh thanh ph£n va edng thuc ca'u tao cua 
phurc chat. Cac phuong phap vat li hidn dai se dupe gidi thidu d cac chuong tidp theo. 

3.1. PHl/ONG PHAP HOAHOC 

3.1.1. Xac dinh ham lupng nguyen to 

Dd xac dinh ham lupng cac nguyen to co trong hop chat phurc chat can tien 
hanh phan tich dinh lupng. Phan tich dinh lupng se cho biet ti le ph£n tram (%) vd 
khoi lupng hoac ti sd nguyen tu cua cac nguyen td co trong hop chat phurc chat. Dd 
dat dupe ydu c£u do ngudi ta thudng dung cac phan umg hoa hoc dd chuydn cac 
nguyen td trong phurc chat thanh cac chat vo co don gian nhu kim loai, ion kim loai, 
oxit kim loai, mudi, N 2 , C0 2 , H 2 0 hoac mdt hop chat dac trung rdi dinh lupng cac 
san phdm do bang phuong phap trong lupng, phuong phap thd tich, phuong phap 
chudn dd hoac cac phuong phap hien dai nhu phd ha'p thu nguydn tu, sac ki khi, ... 
Phan tich djnh lupng thudng dupe tien hanh d cac phong thi nghidm chuydn bidt vdi 
cac thiet bi may moc chuydn dung. Tuy nhien co mdt sd trudng hop tidn hanh dupe d 
nhung phong thi nghidm thong thudng, sau day la mdt sd vi du. 
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a. Xdc dinh ham luang platin trong phtic chat theo phuang phdp trong luang 

Phuang phap truyen thbng xac dinh ham lircmg platin trong phtrc chat la 
phuang phap trong luang [52]. Phtrc chat duqc phan huy bang H 2 S0 4 roi nung a nhiet 
db cao db’ dubi het cac thanh phan khac chi giu lai Pt hoac Pt + K 2 S0 4 la dang can 
thich hap. 

Thuc nghibm: Nung chen thach anh a 800°C trong vong 2 gib. De ngubi 16 den 
dubi 100°C. Ldy chen ra va lam ngubi trong binh lam kho den nhibt db phong. Can 
ghi khbi luang m,. Cho vao chen 50 - 60 mg phuc chat nghien ctru da dupe lam mat 
nude am. Can, ghi khbi luang m 2 . Nho 2-3 giot dung dich axit H 2 S0 4 25% cho tham 
deu luang hoa chat trong chen roi dun nhe tren bep dibn. Mot luc sau co khbi trdng 
bay lbn va phtrc bi oxi hoa thanh mau den. De ngubi chen va them tiep axit. Lap lai 
nhibu ldn cho den khi phtrc chat bj oxi hoa hoan toan. Cho chen vao 16, nung a 800°C 
trong 2 gi6. Db nguoi 16 den dubi 100°C. Ldy chen ra tiep tuc lam nguoi trong binh 
lam kho den nhibt db phong. Can, ghi khbi luang m 3 . Ham luang Pt duac tinh theo 
cong thtre: 


%Pt = 


m 3 - nri| 


m 2 - m l 


• 100 % 


Neu trong phurc chat nghibn cuu co chba ca K thi khbi luang m, - m, la cua Pt 
va K 2 S0 4 tao ra. Khi do co thb tinh ham luang Pt + yK 2 S0 4 (y la so phan tu K 2 S0 4 tao 
ra tCr 1 phan tu phurc chat) theo cong thtre khong hieu dinh luang S0 4 : 

% ( Pt + yK 2 S0 4 ) =-. 100 % 

m 2 - mi 


Tuy nhibn vi luang K 2 S0 4 la do K co trong mdu ket hap vbi S0 4 dua tu ngoai 
vao nen ngubi ta thubng cbng them luang S0 4 tinh theo H thuyet (m 4 ) vao luang can 
ban ddu va tinh ham luemg cua Pt + yK 2 SQ 4 theo cbng thbc sau: 


% ( Pt + yK 2 S0 4 ) = 


m 3 - m| 
m 2 - m ] + m 4 


• 100 % 


Ta hay so sanh kb't qua tinh theo 2 each tren dbi vbi mbt vai phbc chat: 


Phtfc chat 

Chi tibu 

phan tfch 

Luqng S0 4 cin 
hibu dinh, g/mol 
phtrc cha't 

Tinh khbng 
hibu dinh S0 4 , 

% 

Tinh co hieu 
dinh S0 4 , % 

K[PtCl 3 (C,H 7 N)] 

Pt + 1/2K 2 S0 4 

48 

60,06 

54,49 

K 2 [PtCl 4 ] 

Pt + k 2 so 4 

96 

88,92 

72,21 

K 2 [PtF 4 ] 

Pt + k 2 so 4 

96 

105,73 

82,92 


Bang trbn cho tha'y neu khbng hibu dinh luqng S0 4 dua tu ngoai vao thi se gap 
nhung trubng hop din tbi nhung sb libu bit hop If (>100%). 
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/^T> ... 

( br'Xac dinh ham luang cdc nguyen to dat hiem trong phvtc chat 

Ham lupng cac nguyen td d&'t hiem (NTDH, Ln 3+ ) thucmg dupe xac dinh bang 
phuong phap chuan dd complexon vdi dung dich chuan EDTA hoac DTPA. chat chi 
thi arsenazo III [53, 123, 124], 


Khi dung dung djch chu^n EDTA, cic Ln 3+ duoc chuan dd d pH 5,0 - 5,5. Khi 
chuiin dd bang dung dich chudn DTPA, cac NTDH nh6m nhe dupe chuin dd d pH 
4,2; nhom trung gian d pH 4,0 va nh6m n|ng d pH 3,8; diing dung dich dem natri 
axetat. Tai di^m tuong duong chat chi thi chuy^n mau tir xanh bi£n (mau cua phurc 
chat tao thanh tir chat chi thi vdi Ln 3+ ) sang do nho (mau cua chi thi d dang tu do). 

Thuc nghiem: Nung lupng can m (mg) phirc chat (khoang 50 mg) d 800 - 
900°C trong thcri gian lh d£ phan huy phirc chat thanh oxit cua kim loai tuong ung. 
Hoa tan oxit b4ng dung dich HC1 1 : 1, cd can du6i axit du r6i chuy^n vao binh dinh 
mire 50 ml, pha loang bang nude cat den vach mire. Lay 10 ml dung dich mau, tien 
hanh chudn dd theo each da ndu d tren. Ham lupng Ln (%) dupe tinh tir the tich (V, 
ml) va ndng dd (C, mol/1) cua dung dich EDTA tieu tdn trong phep chudn dd theo 
edng thirc sau: 


% Ln = C V - 50 A Ln 100(%) 
lO.m 

C - n6ng dd mol cua dung dich EDTA; V - th^ tich dung dich EDTA da tieu tdn khi 
chu£n dd mau, ml; A b khdi lupng mol nguyen tu cua NTDH tuong umg. 


Sau khi phan tich djnh lupng, ngudi ta thucmg lap bang so sanh kdt qua tim 
dupe (thuc nghiem) vdi kdt qua tinh theo edng thurc d£ nghi (li thuydt). Neu sai lech 
nam trong gidi han cho phep (tuy thude phuong phap phan tich da su dung) thi co the 
tin rang edng thirc d£ nghi la phu hop vdi thuc td. Vi du kdt qua xac dinh ham lupng 
nguydn td mdt sd' phurc chura platin ma chung tdi tong hop dupe dan ra d bang 3.1. 


Bang 3.1. Kdt-qua xac dinh ham lupng nguydn td mdt sd phirc chira platin 



Ham luang (%) 

Phuc chat 

Pt 

N 

Cl 

C 

H 

* 

tinh 

tim 

tinh 

tim 

tinh 

tim 

tinh 

tim 

tinh 

tim 

KtPUQILlSDClj] 

(*) 

(•*) 

2,98 

3,23 

22,68 

21,98 





[Pt(C,H 7 N)(CH 3 NH 2 )Cl 2 ] 

45,77 

46,00 

6,57 

7,22 



28,17 

28,44 

2,82 

• 

2,65 

[Pt(QH 7 N)((CH 3 ) 2 NH)Cl 2 ] 

44,30 

44,21 

6,36 

6,53 



30,00 

30,14 

3,18 

3,35 

[Pt(C 9 H 7 N)(C 2 H 5 NH 2 )Cl 2 ] 

44,30 

44,73 

6,36 

6,78 



30,00 

30,26 

3,18 

3.29 

[Pt(C 9 H 7 N)((C 2 H 5 ) 3 N)Cl 2 ] 

39,31 

40,12 










Pt + K 2 S0 4 : (*) 54,49, (**) 53,60 
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3.1.2. X6c djnh ham luong nude ket tinh 

Ddi vdi phiic chat tach ra tur mdi trudng c6 nude, ngudi ta thudng hong kho 
hoac sa'y nhe (khoang 50°C) dd’ loai nude elm, tuy nhien nude ket tinh thi da so trudng 
hop chua bj loai d nhidt dd do. 

Nhidt do cua phan ling tach nude ket tinh (xem muc 3.3.2, phan ung dehidrat 
hoa) phu thude vao nhidu yeu td': ban chat ion trung tarn, ban chat phd'i tir, ban chat 
ion cdu ngoai. Su phan tfch nhidt mdt each he thong cac loai phiic chat cho phep rut 
ra nh$n xet: phan ling tach nude ket tinh didn ra trong khoang kha rong, 40 * 150 l ’C. 
Mat khac, ham luong nude ket tinh xac dinh duoc dua vao gian do phan tfch nhiet 
(muc 3.3.2) thudng co dd chinh xac khong cao. Vi vay d^ xac dinh duoc chinh xac 
ham lucmg nude ket tinh_trong phiic chat, ngudi ta thudng phd'i hop 2 phuong phap: 
dau tien ghi gian do phan tich nhie t. sau dd tien hanh xac dinh ham luong nude ket 
tinh theo phuong phap trong luong. 

Dua tren gian d6 phan tfch nhigt ngudi_ ta xac dinh duoc nhiet dd xay ra phan 
ling tach nude ket tinh cua phiic chat nghien ciiu. Tir dd tien hanh xac djnh ham 
luong nude ket tinh theo phuong phap trong luong 6 nhiet dd tach nude ket tinh ma 
ket qua phan tfch nhiet thu dupe. Vf du, dua tren gian dd phan tfch nhiet cua phiic 
chat sat fomiat (kf hieu FeFl) (hinh 3.6, muc 3.3.2) ta xac dinh dupe sir tach nude 
ket tinh bat d£u xay ra tir 70°C, manh nhat d 88,5°C ket thuc d 121°C . Vi vay co the 
xac dinh ham luong nude ket tinh trong phiic chat tren theo phuong phap trong luong 
bang each say d nhipt dd khoang 105-115°C theo each thiic dudi day. 

Can chen da sa'y khd d 50 - 55°C, ghi khd'i fupng m,. Cho vao chen 70 mg - 100 
mg phiic nghien ciiu va sa'y d nhiet dd 50 - 55°C de lam mat nude <im. Sau khoang 2 - 
3 gid, lam ngudi chen trong binh lam khd den nhiet dd phong va can. Lap lai nhidu 
lcin den khoi luong khdng doi, ghi m 2 . Tiep tuc sa'y hoa chat d nhiet do 105 - 115°C 
trong khoang 3 gid. Lam ngudi chen trong binh lam khd den nhiet do phong va can. 
Tien hanh sa'y tiep va can nhidu l£n den khoi luong khdng doi, ghi m 3 . 

Ham luong nude ket tinh dupe tfnh theo edng thiic: 

% H 2 0 k. t = ~ m ? • 100% 

z m 2 -mj 

3.1.3. Djnh tfnh ion bang phan ting d$c trung 

Dd xac dinh xem trong thanh phdn cua phiic chat nghien ciiu co mat ion don 
gian, ion phiic... hay khdng ngudi ta co the tien hanh phan umg trao doi giua phiic 
chat nghien ciiu vdi cac thud'c thu dac trung. 

Chinh Vecne da dung phan ling vdi AgN0 3 dei phan biet Cl cdu ngoai va Cl c^u 
ndi d cac amoniacat ma thdi do dupe ghi bdi edng thiic CoC1 3 .4NH 3 , CoC1 3 .5NH 3 , 
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CoC1 3 .6NH 3 . 

Cac ion don gian nhu NHJ, K + , Na + , X’ (X la cac halogen), SO;'... d cau 
ngoai, thufrng dupe nhan biet bang cac phan ung dinh tfnh quen thudc. Vi du: d£ 
kiem tra su co mat cua ion K + trong thanh phan phuc chat ngudi ta cho dung dich 
phurc chat phan ling vdi natri hidrotactrat NaHC 4 H 4 0 6 . Neu tir dung dich phan ung 
xua't hi&n kdt tua trang, kdt tua nay lai tan trong nude nong, trong dung dich axit va 
trong dung dich kidm, thi nhu vay trong dung dich phiic chat nghidn curu co mat ion 
K + . Con dd kidm tra su co mat cua ion SO 4 - , ngudi ta dung phan umg vch ion Ba . 

D 6 'i vdi mot s 6 ion phuc ngudi ta cung co nhirng phan umg dac trung d 6 nhan 
biet chung. Vi du: 

- Nhan biet ion [PtClJ 2 bang ion [Pt(NH 3 ) 4 ] 2+ va nguqc lai nhd phan ung tao kfi't 
tua hinh kim mau xanh la cay (goi la mudi Magnuc): 

[PtClJ 2 - + [Pt(NH 3 ) 4 ] 2+ — ► [Pt(NH 3 ) 4 ][PtCl,] i 

mudi Magnuc xanh la cay 

- Nhan ra phurc chat monoamin cua Pt dang M[Pt(Am)X 3 ] (6 day X la Cl, Br, I, 
Am la amin cac loai) nhd ket tua mau vang kim loai khi phan ling vdi ion phurc 
tetraammin: 

2 [Pt(Am)X 3 r + [Pt(NH 3 ) 4 ] 2+ —[Pt(Am)X 3 ] 2 [Pt(NH 3 ) 4 ] i 

mau vang kim loai 

Dua va phuomg phap di 6 u che, phdi hop ket qua phan tich nguyen td vdi nhirng 
phan umg dac trung, ngudi ta co thd xac dinh dupe cong thutc ca'u tao cua nhirng phuc 
chat don gian. Vi du: sau khi xac dinh dupe thanh phan tong edng cua phurc chat 
nghien cull la CoC1 3 .5NH 3 . H 2 0, ngudi ta do pH dung dich nude cua no va nhan tha'y 
dung dich co moi trudng axit yeu. Dieu do chung to trong dung dich khdng co 
amoniac tu do, ca 5 phan tir amoniac d 6 u lien ket phdi tri vdi ion trung tarn Co(III). 
Cho dung dich phurc chat phan ung vdi dung dich Na 2 C0 3 khdng tha'y ket tua xua't 
hi 6 n, nghla la trong dung dich phuc chat khdng ton tai ion Co 3+ tu do (chinh xac la 
khdng ton tai ion hidrat [Co(H 2 0) 6 ] 3+ ). Khi cho dung dich phurc chat phan ung vdi 
dung dich AgN0 3 , khoi lupng AgCl ket tua tucrng umg vdi 3 nguyen tu clo co trong 
thanh phdn cua phurc chat, nghla la tat ca 3 ion clo deu nam d cdu ngoai. Tren co so 
cua cac ket qua nhan dupe, ngudi ta de nghi cong thuc'-ca'u tao cua phuc chat la 
[Co(NH 3 ) 5 (H 2 0)]C1 3 . 

3.2. PHLfONG PHAP DO DO DAN DI$N COA DUNG DjCH PHCTC CHAT [7, 9] 

3.2.1. Do dan dien phan tir 

Giong nhu cac hop chat vd co don gian, cac phuc chat gdm ion phuc va ion ciu 
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ngoai cung phan li trong dung dich thanh cac ion, vi du: 

(NH 4 ) 2 [PtCl 6 ] — 2 NH;+ [PtCl 6 ] 2 ” 

[C 0 (NH 3 ) 6 ](N0 3 )3 [Co(NH 3 ) 6 ] 3+ + 3 NO; 

Cac phirc chat do cung la nhung chat dien li manh va dung dich cua chung 
cung tuan theo cac dinh luat nhu dung dich cua cac mu6'i dien li dcfn gian. Trong 
dung dich loang, su phan li cua cac hgp chat phirc chat thanh ion phirc va cac ion cau 
ngoai cung xay ra hoan toan va tire thdi. 

D6 dan dien cua dung dich loang cua cac chat dien li phu thu6c vao tinh linh 
dong cua cac ion ma chung phan li ra. Tinh linh ddng cua cac ion phurc Ion va cac 
ion hoa tri m6t nhu K + , NH 4 , N0 3 , N0 2 , Cl”, Br”... thucmg co mat 6 cau ngoai cua 

phirc chat la gan nhu nhau. Vi vay dung dich vdi n6ng do nhu nhau cua nhirng phirc 
chat phan li ra cung s6' ion se co d6 din di6n phan tir gan nhu nhau. 

Do dan dien cua dung dich chura mot mol hcrp chat phirc chat ma toan bo th£ 
tich cua dung dich do nam giua hai didn cue song song va each nhau 1 cm ducrc goi 
la do dan dien phan tit. 

D6 din dien phan tu dugc ki hieu la p, dugc tinh theo c6ng thurc: 

p = X • V. 1000 (Q”‘. cm 2 , mol” 1 ) 

X la d6 dan dien rieng cua dung dich (Q”7cm 3 ); V la the tich (lit) trong do hoa tan 1 
mol hop chat phirc chat. 'Y 

3.2.2. Cac yeu to chi phoi do dan dien phan tu 

Vecne va Miolati da chi ra rang dung dich 0,001 M cua phirc chat dien li thanh 
2 ion dien tich 1 co d6 dan dien phan tu vao khoang 100; phirc chat dien li thanh 3 
ion dien tich 1 - vao khoang 230-260; phuc chat dien li thanh 4 ion dien tich 1 - vao 
khoang 400; phurc chat dien li thanh 5 ion dien tich 1 - vao khoang 500 Q” 1 .cm 2 .mol” 1 . 

Gia tri dp dan dien phan tu cua dung dich mot so phurc chat thu dugc tir thuc 
nghiem dugc liet ke a bang 3.2. Tir bang 3.2 ta tha'y trong truemg hgp chung, gia tri 
do d£n dien phan tu cua cac phirc chat cung mot loai, dien li thanh cung mot so ion it 
phu thuoc vao thanh phan va ca'u true cua ion phuc cung nhu ban chat cua ion cau 
ngoai dien tich mot. Tuy nhien co mot so gia tri co sai lech so voi gia tri thiet lap 
m6t each kinh nghiem dua tren tong s 6 ion a tren la do do dan dien phan tir cua dung 
dich phirc chat con bi anh huemg cua m6t vai yeu t6' khac nua nhu dien tich, kich 
thude ion cau ngoai, ban chat ion trung tarn, ban chat cua phoi tir, dien tich cua ion 
phurc va ca'u true cua phurc chat. 

Vi du: Phurc chat [Pt(0H) 2 (NH 3 ) 4 ]S0 4 (so 9 trong bang 3.2) phan li trong dung 
dich thanh 2 ion, nhung gia tri do dan dien phan tu cua cac dung dich phurc chat a do 
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loang cao (V = 500 hay 1000 //mol) lai gin vdi gia tri dO din di6n phin tii die trung 
cho chit dien li thanh 3 ion. Sir sai I6ch do la do ion ciu ngoai cua phurc chit do la 
SO 4 mang di&n tich -2 nen d6 din difin cua no lorn hon hin d6 din didn cua ion 
mang dien tich 1. 


Bang 3.2. Su phu thu6c cua d6 din di£n phin tu (p,Q J .cm\mol ') 
cua dung djch phurc chit vao do loang (V, //mol) 


So 

thir 

C 6 ng thiirc 
phurc chit 

p khi 1 mol chit 
pha loang a th 6 tich V 

125 

250 

500 

1000 

2000 

4000 

Chit di 6 n li thanh 5 ion 

1 

K[Fe(CN) 6 ] 

- 

477 

520 

558 

- 

- 

2 

[Pt(NH 3 ) 6 ]Cl 4 

- 

433 

458 

528 

- 

- 

Chit difin li thanh 4 ion 

3 

[Co(NH 3 ) 6 ]C1 3 

343 

378 

401 

426 

442 

- 

4 

[Co(H 2 0)(NH 3 ) 5 ]C1 3 

330 

354 

381 

393 

410 

- 

5 

aici 3 

342 

371 

393 

413 

- 

- 

Chit di 6 n li thanh 3 ion 

6 ' 

[PtCl 2 (NH 3 ) 4 ]Cl 2 

- 

• 

- 

228,9 

240,6 

- 

7 

[PtCl 2 (NH 3 ) 4 ](N0 3 ) 2 

- 

- 

222 

233,8 

243,7 

- 

8 

[Pt(OH) 2 (NH 3 ) 4 ]Br 2 

204,7 

217,4 

226,5 

235,5 

- 

- 

9 

[Pt(0H) 2 (NH 3 ) 4 ]S0 4 

134,4 

162,4 

181,6 

196,5 

- 

- 

10 

(NH 4 ) 2 [PtCl 6 ] 

240 

248 

254 

258 

- 

- 

11 

NaH[PtCl 6 ] 

- 


511 

517 

- 

- 

Chit dien li thanh 2 ion 

12 

[PtCl(NH 3 ) 3 ]Cl 

- 

101 

107,5 

115,8 

- 

- 

13 

K[Pt(NH 3 )Cl 3 ] 

96,6 

101,3 

103,3 

106,8 

111,2 

- 

14 

[Co(N0 2 ) 2 (NH 3 ) 3 Py]Cl 

- 

- 

- 

9L,7 

102,1 

114 

Chit khong dien li thanh ion 

15 

[Co(N0 2 ) 3 (NH 3 ) 3 ] 

- 

- 

- - 

- 

9,36 

- 

16 

[Pt(NH 3 Br) 2 Br 2 ] 

- 

- 

- 


5,36 

- 

17 

[PtC10H(NH,N0 2 ) 2 ] 

- 

- 

- 

- 

1,35 

- 


154 




































































DPi vdi cac phuc chat ma cau ngoai chiia ion hidro, gia tri dp dan dien phan tu 
cua chung cao bat thudng (sP 11 trong bang 3.2). DiPu do dupe giai thich bdi tinh 
linh dpng dac biet cao cua cic ion hidro co kich thude rat nho. 

Phan Ceng thay the phoi tu va phan Ceng axit - baza cua phoi tu trong ciu noi 
phuc chat cung anh hudng den gia tri dp din dien phan tu cua nhiPu phirc chit. 
Ching han, khi mdi pha, gia tri dp din dien phin tu cua dung dich phuc chit 
[PtCl 4 (NH 3 ) 2 ] la tuong umg vdi chit khong dien li, nhung gia tri do tang din theo thdi 
gian. DiPu do la do trong dung dich da xay ra cac qua trinh sau diy: 

1 ) Cac phPi tu clo anh hudng trans manh hem amoniac nen hai phoi tu clo 6 vj 
tri trans vdi hai phoi tu clo khac da bi thay thi bdi cac phin tfr nude: 

[PtCl 4 (NH 3 ) 2 ] + 2 H 2 0 —► [Pt(ClH 2 0) 2 (NH 3 ) 2 ] 2+ + 2 Cl 

2) Su tach proton tir phin tu nude phoi tri: 

[Pt(ClH 2 0) 2 (NH 3 ) 2 ] 2+ + 2 H 2 0 —► [Pt{Cl(OH)} 2 (NH 3 ) 2 ] + 2 H,0 + 

Cau true hinh hoc cung anh hudng din dp din dien phin tu cua cac dPng phin. 
Dieu do th^ hien dac biet rd d loai phiic chit diaxidodiaminplatin (II), [PtX 2 A 2 ], d 
diy X la Cl, Br va N0 2 , A la NH 3 , Py va CH 3 NH 2 ... DPi vdi cac phde chit loai nay, 
khi mdi pha dung dich, gia tri dp din dien phin tu cua ddng phin cis thudng nho va 
tuong umg vdi dp din dipn phin tu cua chit khdng dien li, con cua ddng phin trans 
thudng cao hon dang ke. Nhung gia tri dp din dien phin tu cua dong phin trans hiu 
nhu khong thay doi theo thdi gian, con cua dPng phin cis thi tang din theo thdi gian. 
Nguyin nhin la d dPng phin trans. Cl chiu anh hudng trans manh cua Cl doi dien 
nen bi thay thP ngay bdi phin tu nude tao ra cation phutc [Pt(Am) 2 Cl(H 2 0)] + va anion 
Cl”. 6 ddng phin cis , ddi dien vdi Cl la NH 3 , khi thay NH 3 thanh H 2 0 thi tao ra phirc 
trung hoa [Pt(Am)Cl 2 (H 2 0)] nfen khong lam tang dp din dien. Nhung sau do phuc 
chit aqua nay tac dung vdi nude (thuy phin) thi tao ra phuc anion [Pt(Am)Cl 2 (OH)]~ 
va H 3 0 + nin dp din dien tang din. Ngoai ra, qua trinh ddng phin hoa trong dung 
dich phirc chit (ddng phin cis chuyen din thanp ddng phin trans) cung lam cho dp 
din dien cua dung dich phuc chit os-diaxidodiamin platin (II) tang dan theo thdi 
gian. 

Do din dien phin tu cua phuc chit chua cac phoi tu khep vong thudng nho hem 
nhidu va thay d pi rhfim hon theo thdi g ian so vdi phuc chit chUa phoTtu khong khep 
vong tuong umg. Nguyen nhin la do cac phirc chit chua p hPi tu khep vong, the o dung 
qui luit, ben h on cac phirc ch it tuong tu nhung khong chda cac phoi tu khep vong. 

Trong qua trinh tong hop cac phuc chit cua Pt(II) chung toi da thudng xuyen 
dung dp din dien phin tir de phin biet phirc dien li va phuc trung hoa, mot so du lieu 
dupe din ra d bang 3.3. 
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Bang 3.3. DO din diOn phin tu cua mOt sO phirc chit 
K[PtCl 3 L] va [PtCl 2 LL'], p, Q-'.cm'.mol " 1 


K[PtCl 3 L] 

[PtCl 2 LL'] 

L 

P 

L’ 

p 

L' 

p 

L 

p 

C 9 H 7 N (Quinolin) 

115 

CH 3 NH 2 

28 

c 5 h 5 n 

15 

qh,nh 2 

26 

OC 4 H„NH (Morpholin) 

91 

ch,nh 2 

13 

C,H,N 

12 

c„h,nh 2 

12 

C,H 1() NH (Piperidin) 

97 

ch,nh 2 


c 5 h 5 n 

11 

qh 5 nh 2 

13 

OC 4 H K NH (Morpholin) 

91 

ch 3 nh 2 

13 

c s h 5 n 

12 

c 6 h,nh 2 

12 

Q i H1 4 0 2 
(Metyleugenol) 

94 

ch 3 nh 2 

21 

c 5 h 5 n 


c 6 h 5 nh 2 


C 10 H 10 O 2 (Safrole) 

95 

ch 3 nh 2 

8 

c 5 h 5 n 

16 

qh,nh 2 

14 


3.3. PHLTONG PHAP PHAN TfCH NHI$T [54, 55] 

3.3.1. Co so li thuyet phuong phap phan tich nhiet 
a. Khai niem va thuat ngii 

Da sO cac hop chit phirc chit b£n vung 6 nhidt do thircmg va khOng bi bi£n d 6 i 
hoa hoc trong thcfi gian dii. Chi 6 u sang va nung nong la nhung biOn phap thucmg 
dung nhit d£ khoi mao phan umg hoa hoc cua phirc chit rin 

Cac phuong phap, nhcr chung mOt tham s 6 vit li nao do cua he phu thuOc vao 
nhiet do duoc nghien curu goi chung la "phan tich nhiet" (Thermal Analysis, viet tit 
la TA, bang 3.4). Cac phuong phap nay duoc ap dung ph 6 biin d£ nghien curu cac 
phirc chit rin vi chung cho phep thu nhin nhi 6 u thOng tin quy bau v 6 thanh phin va 
ciu tao cua cac phurc chit. 


Bang 3.4. Mot sO' dang cua phuong phap phin tich nhiit 


Tham s6 

Vit ll 

Phep phin tich 

Via tit 

KhO'i luong 

Phan tich trong lucmg nhiet 
Thermogravimetry or Thermogravimetry analysis 
Phan tich trong litcmg nhiet vi phan 
Differential thermogravimetry analysis 

TG hoic TGA 

DTG hoic DTGA 

Su sai khac 

nhiet do 

# 

Phan tich nhiet vi phan 

Differential thermal analysis 

DTA 

Entanpi 

Quet nhiet lucmg vi phan 

Differential scanning calorimetry 

DSC 
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Bang 3.4. ( tie'p theo) 


Tham s<5 

vat If 

Phep phan tfch 

Vi£t tat 

D6ng diftn 

Ddng kich thich bai nhiet 

Thermostimulated current 

TSC 

Sir biffn dang 

Phan tich ca nhiet 

Thermomechanical analysis 

TMA 

Su phat huynh 
quang 

Phan tich huynh quang nhiet 

Thermoluminesence 

TL 


\ 

Doi vdi phurc chat thi phuang phap phan tfch trong luong nhiet (TG) bao g6m 
ca phan tfch trong luong nhiet vi phan (DTG) va phuang phap phan tfch nhiet vi phan 
(DTA) la quan trong hon ca. De nghien curu sau hon, ngu&i ta con phan tfch cac san 
pham phan huy nhiet cua phurc chat bang each ph6'i hap hoac ket n6'i phuang phap 
phan tfch nhi6t vdi cac phuang phap khac nhu vf du a bang 3.5. 


Bang 3.5. Mot s£> phuang phap dong th6i voi phan tfch nhiet 


San ph^m phan huy 

Phuang phap phan tfch dong thoi 

Viet tat 

Khf thoat ra 

K£t n6'i may phan tfch nhiet vdi may sac kf khf 
Ket n6'i v6i may ph6 kh6'i luong 

TG-GC 

TG-MS 

San ph^m ran 

Ph6'i hap v6i phuang phap ph6 hong ngoai 
Ph6'i herp v6i phuang phap nhi6u xa tia X 

TG-FTIR 
TA-X ray 


b. Phuang phap phan tich trong luong nhiet (Thermogravimetry analysis) 

Trong phuang phap "phan tfch trong luong nhiet" (TGA), ngudi ta theo doi su 
bien d6i kh6'i luong cua miu phan tfch theo nhiet d6 nhet thiet bi goi la "can nhiet" 
(hinh 3.1). 



Hinh 3.1. So d6 thiet bi can nhiet. 
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Chirang trinh nhipt do, dupe dieu khi6n bdi may tinh, cho phep in djnh khoang 
nhiet dp cin theo doi, toe do tang nhipt do trong 16 nung. Khi da biSt t6c dp tang 
nhiet dp thi viec theo doi su biPn d6i cua miu theo thcri gian cung co gia trj nhu la 
theo nhipt dp. Tuy muc dfch nghien ciru ma ngu6i ta giir nguyen kh6ng khi trong 16 
nung hoac thay vao do khi nito,C0 2 ,... Khi dung nito hoac khi hiem se tranh dupe 
nhirng phan ling oxi hoa boi oxi kh6ng khi. 

C4n vi lugng theo doi su thay d6i kh6i lirpng va chuyen thanh tin hieu dien d6 
dieu khien may tinh hoac thi6t b| tuong thich ghi lai sir thay d6i do. Neu ghi su thay 
doi kh6i lupng (tinh ra % so v6i kh6i luemg ban d^u cua mSu) theo nhiet d6 thi 
du6ng cong thu dupe goi la dudng TG hoac TGA (hinh 3.2). 

% 

100,00 


50.00 


Hinh 3.2. Du6ng TGA cua mpt mau phu:c chat (trong N 2 ). 


-—; 


-8,230% 





-34.346% 

50 

170 

, 350 

1 




200 

400 

600 


Nhiftt (36 (°C) 


Du6ng TGA 6 hinh 3.2 bat dau di xuong a 50°C (dua vao duong thing dung 
net dirt) churng to kh6i lupng cua mau giam. Den 170°C du6ng cong nim ngang 
chirng to da ket thuc su giam khoi lupng giai doan 1. Chieu sang true tung (duong 
nim ngang net lien) ta se biet dupe do giam khoi lupng o giai doan nay la bao nhieu 
(may tinh ghi dp giam khoi lupng o giai doan nay la 8,23%). Tiep theo, duong cong 
lai di xuong 6 350°C va lai nim ngang 6 530°C. Khoang each giua 2 duong thing 
nim ngang cho thiy su giam kho'i luemg ung vdi giai doan 2 nay la 34,346%. K£t 
luan so bo thu dupe la: phiic chit nghien cuu bi phan huy nhiet theo 2 giai doan, giai 
doan 1 mi't 8,23% kh6'i lupng ban diu, bit diu 6 50°C ket thuc 6 170°C; giai doan 2 
mi't 34,35% khoi luemg ban diu, bit diu 6 350°C ket thuc 6 530°C. 

Tuymhien neu xem xet kT thi ta thiy 6 duong TGA tren hinh 3.2 trong m6i giai 
doan giam kh6'i lupng dPu co mot ch6 giy. D£ nghien curu chi tie't hon, nguoi ta ghi 
toe do cua su bien doi khoi lupng, turc la ghi dudng dm/dt. Dudng cong thu dupe goi 
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la dudng DTGA (dudng phia trdn d hlnh 3.3, tucmg ting vdi true thing dting ben phai, 
6 do sir giam khd'i lugng dugc tfnh ra mg/ phut). 

TGA DTGA 



Hinh 3.3. Dudng DTGA (phfa tren) va TGA (phfa dudi) 
cua phtic chit K 3 [Cr(C 2 0 4 ) 3 ].2H 2 0 (trong N 2 ) [8]. 

Mdi su giam khd'i lugng cua miu se the hien boi mot viing lorn tren ducmg 
cong DTGA. Tti ducmg DTGA, tucmg tu nhu lam vdi dudng TGA ta cung xac dinh 
dugc nhiet do bit dau va ket thuc cua m6i giai doan giam khoi luemg. Hon the, can 
cti vao diem cue ti6u cua vung lorn, ta con xac djnh dugc nhiet do ma a do t6c do 
giam kh6'i lugng dat cue dai. Nhu viy ducmg DTGA cho thay m6i giai doan giam 
khoi lugng ma ta tim thi'y tren ducmg TGA lai bao gom 2 bude. Ching han, giai doan 
giam khd'i lugng thti nhat gom: bude 1 bit diu a 50°C, cue dai d 84,19°C va ket thuc 
d khoang 105°C; bude 2 bit dau d 105°C, cue dai d 120°C va ket thuc d khoang 170 ’C. 

Sir dung phd'i hgp dudng DTG vdi ducmg TG co uu di6m, thti nhat la no cho 
biet chinh xac hem nhiet do bit diu xay ra va nhiet do ket thuc qua trinh bien doi 
khd'i ldgng cua chit nghien ctiu, ttic la biet dugc chinh xac khoang nhiet do cua 
nhung qua trinh bien doi khd'i lugng cua chat ma dudng TG da chi ra, thti hai la, no 
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cho phep phan biet ro rang cac giai doan ch6ng lap cua cac qu£ trinh. Vi vay trfin 
gian d6 phan tfch trong luqng nhiet ngudi ta thuemg ghi ca hai duemg TG va TGA 
tirong ting theo cung mdt mdt true nhiet dd. 

Phuang phap phan tfch trong luqng nhiet cung ca'p th6ng tin vi su bi£n ddi cua 
mlu phan tfch khi su bi£n d6i do co kem theo su thay d6i ft hay nhi£u khffi luqng cua 
no. Da sd' trudng hop la kem theo su giam khdi luong cua mau phan tfch. Do do n6 
duqc stir dung rdng rai khi nghien ctiu cac qua trinh vat If nhu: su bay hoi, su thang 
hoa, su ha'p phu, sir giai ha'p; cac qua trinh h6a hoc nhu: sir dehidrat h6a, sir deaevo 
hda, su dehidro halogen hoa va cac bi£n d6i h6a hoc nhu: phan ting oxi hoa - khtir, 
phan ling phan huy pha ran theo ki£u: 

A(r) *" B (r) + C (l[) 

Phuong phap phan tfch trong luemg nhiet la phuang phap dinh luqng vi no cho 
phep xac dinh kha chfnh xac su thay d6i kh6i luqng cua mau phan tfch trong truerng 
hop qua trinh bi£n d6i mau xay ra qua nhung giai doan phan biet nhau m6t each ro 
rang. Do do dua vao duemg TG va DTG ta co th^ suy ra m6t vai thanh phan cua phire 
chat nghien curu. 

c. Phuang phap phdn tich nhiet vi phan (Differential thermal analysis) 

Trong phan tfch nhiet vi phan (DTA), tham si duqc theo doi la hieu s6 AT giua 
nhiet do cua mau phan tfch (T miu ) va nhiet d6 cua chat chuan (T th ) hoac cua m6i 
truemg. Chat chuln duqc chon sao cho trong khoang nhiet d6 nghien cun no ha'p thu 
nhiet chi d^ nong len ma khdng co bat ki hieu ung thu hoac toa nhiet nao khac 
(chang han nhu nong chay, thang hoa, phan huy...). Nhu th£ tuy cung nam trong m6t 
che' d6 gia nhiet nhu nhau nhung m6i khi 6 mau nghien curu xay ra m6t qua trinh thu 
nhiet hay toa nhiet thi nhiet d6 cua no d6u chenh lech so vdi chat chuin. D£ do su 
chenh lech nhiet d6 do, ngucri ta thuemg dung cac cap nhiet dien che tao tir cac kirn 
loai hoac hop kim, nhu Cu, Pt,... 

Thiet bi ghi co th^ ghi ra duemg cong bieu dien su phu thude cua AT vao nhiet 
do (hoac thcri gian, hoac khdi luqng). Duemg cong thu duqc goi la duemg DTA. Tuy 
nhien vi hieu dien th£ giura 2 dien cue cua cap nhiet dien ti le thuan vdi dd chenh 
lech nhiet dd giura chung, ndn ngucri ta cung thuemg ghi duemg DTA dudi dang su 
phu thude cua hieu dien the vao nhiet dd (hoac thcri gian, hoac khdi luqng). Thf du 
duemg DTA cua phurc chat K 3 [Cr(C 204 ) 3 ]. 2 H 20 (ghi trong cung didu kien vdi cac 
duong TG va DTG 6 hinh 3.3) duqc trinh bay cr hinh 3.4. 

Duemg cong DTA thuemg to ra phurc tap va khdng phai bao gicr cung giai thfch 
duqc het moi chi tie't cua no. Tuy nhien de nghien curu thanh ph^n cua phurc chat thi 
c£n chu y tori mdt so diem co ban sau day. Trdn true thing dung ludn co da'u hieu cho 
biet ro chi^u thu nhiet va chieu toa nhiet. Thf du nhu cr hinh 3.4 thi chieu hudng v6 
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phi'a cic s 6 ducmg (hudng I6n tren) la chi£u toa nhiet, chi£u hudng ve phia cac sd' am 
(hudng xutfng dudi) la chieu thu nhiet. Nhung pic hudng theo chieu toa nhiet la bieu 
hien cua cac hieu irng toa nhiet va nguqc lai la cac hieu ting thu nhiet. 

pTA 


uV 



Hieu ting thu nhiet thudng dacjnmg-rjio nhfing qua trinh bie'n do i ve mat vat H 
hoac hoa hoc cua miu phan rich nhu bay hoi, thang hoa, nong chay, bie'n d6i da hinh, 
pha vo liepJcet trong mangjtinhjhe kem theo ma'Lmrdtc-ket-tifth, nude ca'u true, hoac 
khi bay ra. 

Hieu ting toa nhiet thudng dac trung cho nhung qua trinh bie'n d6i ve mat vat If 
hoac hoa hoc sau: 

- Chat rdn chuyen tur trang thai v6 dinh hinh sang tinh the, d6ng phan hoa, phan 
irng ke't hop giCra cac pha ran trong m&u phan rich. Ca 3 trudng hop nay deu khong 
kem theo su ma't khoi luemg tren ducmg cong DTG va TGA. 

- Phan ung oxi hoa - khu kem theo su ma't kh6'i luemg tr6n dudng cong DTG va 
TG. 

Cac hieu irng thu nhiet hay toa nhiet tren ducmg DTA thudng lien quan mat 
thie't vdi cac qua bie'n d6i khd'i luemg tren dubmg TG va ducmg DTG. Vi vay khi 
nghien cun phtic chat, de thu nhan duqc cac thdng tin chinh xac, c£n xem xet mot 
each t6ng quat ca 3 ducmg cong: TG, DTG va DTA. Thf du: Giai doan giam khoi 
luemg bat dau b 50°C ke't thtic b 170°C tren hinh 3.3 la tuemg ting vdi hieu irng thu 


161 












nhi6t co cue tidu d 87,75°C tren hinh 3.4. Didu do cho phep kdt luin d6 la qua trinh 
mat nude ket tinh. Giai doan giam khdi luang bit diu 6 350°C kit thuc 6 530°C tren 
hinh 3.3 la tuong umg vdi hieu ung toa nhiet co cue dai d 460,9°C vi d 482.6 J C tren 
hinh 3.4. Didu nay cho phep kdt luin do la qua trinh oxi hoa - khu phan huy phuc 
chit co toa nhiet. 

d. Phaang phap quit nhiet luang vi phan (Differential scanning calorimetry) 

6 phuong phap quet nhiet luang vi phan (DSC) theo kidu bii tru, m6i khi co su 
sai khac vd nhiet dd giua miu va chit chuin thi may se bd sung nhiet cho chung dd 
su sai khac do ludn nho han 0,0IK. Nhd viy may theo doi duac sir bi£n thien cua 
luang nhiet ma miu toa ra hay thu vao. Dudng bidu didn bien thien cua luang nhiet 
tren dan vi thdi gian theo nhiet dd (hay theo thdi gian) goi la dudng DSC. Tuong tu 
nhu duemg DTA, viing lorn co chua cue tidu la ung vdi hieu umg thu nhiet, viing ldi 
co chufa cue dai la umg vdi hieu umg toa nhiet. Khoang nhiet dd va nhiet dd ung vdi 
cue trj d dudng DTA va DSC thudng co sai khac nhung khdng ldn va ddu cho ta bieft 
duac su bidn thien khdi luang miu tren dudng TG la umg vdi qua trinh thu hay toa 
nhiet. De thiy ro dieu dd hay so sanh gian dd phan rich nhiet ghi dudng DTA va 
TGA cua mdt phtic chit d hinh 3.5a vdi gian dd phin rich nhiet ghi dudng DSC va 
TGA cung cua phtic chit do (chi khac nhau mdt chut vd luang cin) d hinh 3.5b. 
Ngoai viec xac dinh cac qua trinh thu hay toa nhiet, phuang phap DSC con duac umg 
dung dd xac dinh bidn thien entanpi (± AH) cua qua trinh va nhiet dung cua chit. 
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Hinh 3.5. Gian dd phin rich nhiet cua mdt phuc chit: 
a- dudng TGA va dudng DTA; b- dudng TGA va dudng DSC. 























3.3.2. Phan urng dehidrat hoa bdi nhiet 

Nhi£u phiic chat dirge ket tinh ttr nude hoac tir h6n hop dung m6i huu ca - nude 
ndn keo theo mdt vai phan tu nude, co nghla la tao thanh cac tinh the ngam nude. 
Nude nay di vao mang ludi tinh the cua phiic chat do do duoc goi la nude ket tinh. 
Su tach nude k£t tinh ra khoi phiic chat duoc goi la su dehidrat hoa. Nude ket tinh 
duoc lien kd't vdi phire chat mot each tuong ddi yd'u, thudng la lien ket hidro. Chang 
han, hop chat CuS0 4 .5H 2 0, thuc chat la phire chat [Cu(H 2 0) 4 ][S0 4 ].H 2 0. 6 do phan 
tu nude kd't tinh tao lien ket hidro lam nhiem vu cau noi gitra ion phire [Cu(H 2 0) 4 ] 2+ 
va ion cau ngoai S0 4 _ : 


H 


H 


H- 


H- 


/ \ 

\ /°- 
/ Cu v 

-o' o- 

\ / 

H H 


H. 


-H 


, 0 . 




H- 
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H- 


V/° 

c/N, 


Khi nung nong mau phan tfch khdng co nude dm, nude ket tinh se bi tach ra 
dau tien. Vi vay nhieu qua trinh bien doi nhiet duoc bat dau tir phan ung dehidrat hoa 
tao thanh cac phire chat khan. Doi vdi phan umg dehidrat hoa, tren gian do phan tfch 
nhiet co cac bieu hien nhu sau: 

- Tren dudng DTG xua't hien pic cue ti^u tuong umg vdi do giam khdi luong 
tren dudng TG (duoc bieu thi dudi dang bac thang) va khoang nhiet do xay ra qua 
trinh tach nude. Dinh cue tieu tren dudng DTG ung vdi nhiet dd ma d do tdc dd mat 
nude ket tinh la ldn nha't. 

- Tren dudng DTA co cac pic cue tieu (hieu ung thu nhiet). Dinh cue tieu tuong 
irng vdi nhiet dd ma tdc dd phan umg thu nhidt la ldn nha't. 

Gian do phan tfch nhidt cua phire chat [Fe(HCOO) 3 (H 2 0)].1/3H 2 0 duoc dua ra 
d hinh 3.6. 


Tir gian do ta tha'y phan ung dehidrat hoa bat dau xay ra d 70°C va ket thuc d 
121°C, manh nha't d 88,5°C (cue tieu tren dudng DTG), tuong umg vdi su giam 3,04 
% khd'i luong tren dudng TG phu hop vdi su tach 1/3 phan tu nude ket tinh (tfnh theo 
If thuyet la 2,8 %). 


Viec nghien cuu he thd'ng phan umg dehidrat hoa cua cac phire chat da duoc 
nhidu tac gia quan tarn. Vf du, bang 3.6 dudi day dua ra cac nhiet dd xay ra phan ung 
dehidrat hoa cua mdt sd' phurc cation, phire anion va phire chat trung hoa cua Co(III), 
Cr(III), Fe(III), Cu(II) va Mn(III). 


163 





Hinh 3.6. Gian d6 phan tich nhiet cua phurc [Fe(HCOO) 3 (H 2 0)].1/3H 2 0. 


Bang 3.6. Khoang nhidt d6 tach nude kfe't tinh cua mdt s6 phurc chat 


Phurc chat 

Khoang 
nhidt dd 
°C 

Phurc chat 

Khoang 
nhidt dd 

°C 

trans- 

[Coen(NH 3 ) 2 Cl 2 ]Br.H 2 0 

90 - 100 

Na[Cu(0H)(C 4 H 4 0 6 )].l,5H 2 0 

80 - 100 

cis- 

[Coen(NH 3 ) 2 Cl 2 ]SCN.H 2 0 

75 - 120 

H[Cu(C 6 H 5 0 7 )(H 2 0) 2 ].6H 2 0 

i - 

90- 130 

c/\y-[CoenClBr]SCN.2H 2 0 

75 - 120 

KlCufQOJjl^HjO 

80- 130 

[Co(DH) 2 (H 2 0)C1].H 2 0 

31-79 

K 2 [(HC 2 0 4 )Fe(C 2 0 4 ) 2 ].4H 2 0 

80- 130 

[Co(DH) 2 (H 2 0)Br].H 2 0 

34-80 

K 3 [Cr(C 2 0 ) ),].2,5H I 0 

36- 150 

[Co(DH) 2 (H 2 0)I]H 2 0 

45 - 107 

KjlFefQOJjl.SHjO 

33 - 150 



K 8 [Mn 2 (C20 4 ) 7 ].5H 2 0 

35 - 150 


Bang 3.7 dudri day cho tha'y nhiet cua phan ung mat nude k£t tinh khdng ldn 
nhung nang luong hoat hoa cua phan dng thi khong phai la nho. 
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Bang 3.7. MOt sd du lieu vi sir dehidrat hoa cua mOt so phurc Co(III) va Cr(III) 


Phirc chat 

At dehidrat hoa 

AH 

E* 

(°C) 

(kJ/mol) 

(kJ/mol) 

/ra/7j-[Crpn 2 Br 2 ]Br.H 2 0 

122 - 146 

12,6 

- 

rra/w-[Coen(NH 3 ) 2 Cl 2 ]Br.H 2 0 

90 - 100 

50 ± 12 

117 ± 13 

m-[Coen 2 Cl 2 ]SCN.H 2 0 

- 

- 

108 ±8 

c/s-[Coen(NH 3 ) 2 Cl 2 ]SCN.H 2 0 

75 - 120 

23,0 

95,4 ±8,4 

nj-[Coen 2 ClBr]SCN.2H 2 0 

75 - 120 

45,2 ± 8,4 

108 ± 13 

nj-a-[CotrienCl 2 ]SCN.H 2 0 

90 - 120 

36,0 ± 8,4 

138 ± 13 

c/5-a-[CotrienClBr]SCN.H 2 0 

80-117 

32,6 ± 8,4 

130 ± 13 

cr\r-a-[CotrienBr 2 ]SCN.H 2 0 

75 - 105 

30,1 ±8,4 

126 ± 13 


Nhu vSy ta tha'y rang su dehidrat hoa cac phurc cation dien ra trong khoang 
nhiet do 75 + 150°C. Entanpi cua su dehidrat hoa cac phurc cation cua Co(III) va 
Cr(III) nam trong khoang 12 * 53 kJ/mol co nghla la khdng vuot qua nhiet thang hoa 
nude da (52,3 kJ/ mol). Con n&ng luong hoat hoa lai thay d6i trong khoang 90 + 150 
kJ/mol, ga'p 3, 4 l£n dd ldn entanpi cua cac phurc do. 

Ngudi ta da nghien curu su dehidrat hoa bdi nhiet cua cac phurc dioxalat cua 
Mn(II), Co(II), Ni(II), Cu(II), Zn(II). Cac phurc chat K 2 [M(C 2 0 4 ) 2 ].mH 2 0 bi dehidrat 
h6a trong khoang nhiet dd 18 + 112°C. Nhiet d6 dehidrat hoa tang theo day Zn(II), 
Co(II), Ni(II), Cu(II), Mn(II) va co su phu thu6c tuyen tmh giua nhiet d6 dehidrat 
h6a va dai luong nghich dao cua ban kfnh ion M 2+ . Tren co so nay cac tac gia da dua 
ra ket luan rang co su tuong tac tlnh dien giua cac ion kim loai va cac phan tCr H 2 0. 
Entanpi dehidrat hoa cua day phtic tren tuong ung la: 61,1; 59,8; 57,3; 68,2; 81,6 
kJ/mol. 


Su hut tlnh dien cua cac phan tur nude vdi ion M” + khdng phai la hop phin duy 
nha't cua su tuong tac giua cac phan td nude ke't tinh va phurc chat. Trong cac hop 
chat loai K[PtCl 3 (olephin)].H 2 0, cac phan tur nude ket tinh tuong tac vdi anion ciu 
ndi nhd tao thanh lien ke't hidro. Cac dfl lieu cua qua trin T dehidrat hoa cac phurc 
tuong tu nhu mud'i Xayze K[PtCl 3 (RCH=CH 2 )].H 2 0 trong bang 3.8 cho tha'y khi ki'ch 
thude cua olephin tang thi E* giam di dang k£. 


Tir su phan tich gia tri entanpi cua su dehidrat hoa cac phurc cua cac kim loai 
chuy£n tie'p khac nhau, cac phurc co thanh phdn khac nhau ve cdu ndi va dang ca'u tao 
(cation, anion, khdng dien li) co th^ cho rang phdn dong gop co ban vao gia tri 
entanpy cua su dehidrat hoa cac phurc la entanpy he hoi cua nude (entanpy thang 
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hoa cua nude da). Entanpi cua su dehidrat hoa cua cac phiic cao hem entanpy thang 
hoa cua nude da co nghla la nude kdt tinh trong mang ludi cua phurc da tao lien kdt 
b6n hem trong cau true cua nude da. Thd nhung gia tri entanpi cua su dehidrat hba 
khong cho phep xac dinh rang nude kdt tinh tao thanh lien keTt hidro vdi anion c£u 
ngoai hay clu noi hoac do su sonvat hoa hay chi dem gian la chidm nhung didm nut 
trong mang tinh the. Cac gia tri tha'p cua entanpi dehidrat hoa (12 20 kJ/mol) 

thudng ft thay va ro rang la do da xay ra ddng thdi sir dehidrat hoa (thu nhiet) va sir 
sap xep lai ca'u true dang hidrat hoa va ca'u true dang phurc khan (thudng la toa nhiet). 


Bang 3.8. Cac dir lieu cua sir dehidrat hoa bdi nhidt 
cua cac phurc dang K[PtCl 3 (RCH=CH 2 )].H 2 0 


R 

t°C 

AH (kJ/mol) 

n 

E* (kJ/mol) 

S* (J/mol.K) 

H 

67 

64,9 ±2,1 

0,72 

195,4 

337,6 

ch 3 

76 

64 ±2,1 

0,9 

128,9 

128,0 

c 2 h 5 

73 

66,9 ± 4,2 

1,11 

112,1 

79,4 

U-C3H7 

59 

55,6 ±4,2 

0,89 

81,2 

- 4,18 

n-C 4 H 9 

65 

58,6 ±4,2 

0,82 

64,0 

- 58,2 


Viec nghien curu ti mi su dehidrat hoa tri-etylendiamincoban (III) da dupe 
Zsako va edng su tien hanh. Su phan tfch dong hoc cac so lidu thuc nghidm theo 
phuomg phap Khoutxa - Lenphena da giup phat hi6n su tach theo na'c cua H 2 0 trong 
nhieu trudng hop raa tr6n dudng DTA va TG khdng quan sat tha'y. Vdi cac phurc 
coban (III) do ldn cua nang lupng hoat hoa cua su dehidrat hoa phu thuoc vao ban 
chat cua ion d cau ngoai va tang theo day Cl~ < Br" < CNO" < NOj < I - con ddi vdi 
phurc cua crom (III) thi tang theo day: NSC" < Cl" < Br" < Sbi; < I". Ta dS dang nhan 
tha'y rang day nay phu hop vdi su tang do phan cue hoa cua cac anion cr cau ngoai. 

De phan biet nude ket tinh va nude phoi trf, trong da sd cac edng trinh ngudi ta 
dua vao nhi6t dd tach cac phan tu H 2 0 (dong thdi vdi cac so lieu cua phd hdng ngoai 
va cac sd lieu ca'u true khac). Sir phan tfch cac ket qua cho phep rut ra qui t4c la: su 
tach nude ket tinh didn ra trong khoang 40 * 150°C, ft khi tha'y a nhiet dd cao hem 
160°C. Vf du: cac phire LnQC1.3H 2 0 (trong dd QH 2 la bisalixylandehit-o-dianizidin, 
Ln la Eu, Yb) mat 1 phan tu H 2 0 a 80°C. Dieu dd cho phep coi phan tu nude dd la 
nude ket tinh va ca'u tao cua cac phurc nay la [LnQ(H 2 0) 2 ].H 2 0, trong dd sd phoi trf 
cua Eu, Yb la 6. Trong trudng hop Ln la La, Pr, Tb, Ho hoac cac lantanit khac, nude 
dupe tach ra a t° > 110°C. Dieu nay cho tha'y cac phan tu nude do la nude phoi trf va 
ca'u tao cua cac phurc dd dupe mb ta bang edng thurc [LnQCl(H 2 0) 3 ]Cl vdi sd phdi trf 
cua Ln bang 7. 
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Hidn nay, v£n dl vl die dilm die trimg cua khoang nhiet do, do Idn entanpi va 
nang Iuqng hoat hoa cua su bien ddi thi ran van dang con duoc tranh cai. Co nhung 
tac gia cho thdy khdng co su tuong irng giura nhiet do bat dSu cua hieu ung nhiet 
hoac cua su mat khdi luong vdi do bln cua phd'i tir bi tach ra hoac phan huy. Mat 
khac co nhung phurc chat, khi bi dun nong thi phan tir nude d cdu ngoai lai chuyln 
vao cau ndi nhung cung co trudng hop nude phdi tri bi tach trong ciing khoang nhiet 
db vdi nude ket tinh ... 

Db’ ket luan can luu y nhung didu sau: thudng thi n ude ket tinh va cac ph an tu 
khac duoc lien ket d cau ngoai (HC1, HNO,. phan tu huu co) khi nung nong thi bi 
tach ra dau tien. Nhung hien nay, da tha'y co nhiing trudng hop khi phan huy nhiet, 
phd'i tu tach ra d nhiet do tha'p hon nhiet do tach nude ket tinh. Vi du nhu 
NH 4 [CrPy(aipda)(0H)].2H 2 0 trong do Py: Pyridin, aipda: ion nitrilo izopropiodiaxetat. 
Chat nay khi bi nung nong luc dau co su tach phdi tu pyridin d khoang 25 -r 70”C va 
chi khi d khoang 70 + 100°C cac phan tu H 2 0 mdi bi tach ra tirng nac. Day la trudng 
hop khdng binh thudng can duoc tiep tuc nghien cdu. 

So' phan tir nude ket tinh bien d6i trong mot gidi han rong va dd'i vdi phde chat 
gom anion va cation phurc thi so phan tir nude thudng ldn. Ching han nhu cac phuc 
chat [Co(en) 3 ] 2 [Co(DH) 2 (S0 3 )] 3 .22H 2 0 va [Co(en) 3 ] 2 [Co(DH) 2 (S0 3 )(N0 2 )] 3 .19H 2 0. 

Trong nhieu trudng hop ngudi ta tha'y su tach cac phan tir nude ket tinh xay ra 
theo na'c. Thi du: dd'i vdi phurc chat K 3 [Cr(C 2 0 4 ) 3 ].2H 2 0 su mat nude kdt tinh ung vdi 
2 cue tieu tren dudng DTG (hinh 3.3). Nhidt dd^ma't phan tu nude thu hai d phurc 
K 3 [Cr(C 20 4 ) 3 ]. 2 H 2 0 la cao so vdi sir mat phan tir nude thur nha't va cao so vdi nhiet do 
mat nude ket tinh noi chung, tuy nhien hieu ung nhiet ung vdi no lai to ra yeu hon so 
vdi hieu urng nhiet cua sir mat phan tir nude thur nhat (hinh 3.4). Didu do cho thay tinh 
phurc tap cua qua trinh dehidrat hoa phuc chat. Dd'i vdi phurc khdng dien li 
[Co(phen)(nta)].4 H z O (d day phen la phenantronin, nta la nitrilotriaxetat), ngudi ta 
tha'y 4 phan tu nude kdt tinh bi tach ra tudn tu. 

3.3.3. Phan urng deaevo hoa 

Phan urng tach nude tit cdu ndi cua phurc chat (tach nude phd'i tri) duoc goi la 
deaevo hod. No ludn thu hut su chu y cua cac nha nghien curu do mot loat nguyen 
nhan sau: 

- Thur nha't: d phan urng nay didn ra su the cac phd'i tir trong ion phurc, do do md 
ra kha nang tdng hop phurc chat trong pha ran. 

- Thur hai: su nghidn cdu cac hop chat tuong ddng cho phep phat hien cac yeu 
td anh hudng den dd bln nhidt cua phurc chat. 

Khi nghien curu phan urng phan huy nhiet cua cac phuc, trong sd do co phan ung 
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deacvo hoa c5n luu y la c6 nhung qua trinh d6ng hanh lam anh hudng ddn phan ting 
deacvo hoa. Cac qua trinh do thudng la sir oxi hoa hoac su khir cac ion kim loai boi 
phd'i tir hoac cac anion cSiu ngoai, su oxi hoa phdi tu, su thang hoa cua chat khdng bi 
bien ddi nhiet va cac qua trinh khac. 

Phan ting tach cac phan tu nude phdi tri (deacvo hoa) dupe chia lam 2 loai: 
"deacvo hoa thudng" va "deacvo hoa ngung kdt". 

Phan ting deacvo hoa thucmg bao g6m cac kidu sau: 

- Su tach nude kem theo su giam sd phdi trf cua ion trung tarn. 

- Su tach nude ciing vdi su xSm nhap cua anion c£u ngoai vao ciiu ndi. 

- Su tach nude ciing vdi su tang dung lucrng phdi tri cua phd'i tu trong cau ndi. 

- Su tao thanh nude do su tuerng tac cua cac phd'i tur trong c2u ndi va sir tach 
nude sau do cung dan den su tang dung lupng phdi tri cua phd'i tu. 

Trong cac phan ting "deacvo hoa thudng" khdng didn ra su tang khdi lupng 
phan tu cua cac phtic va khdng didn ra sir polime hoa. 

Cac phan ting "deacvo hoa ngung kd't" la cac phan ting tach H z O vdi su tao 
thanh lien ket ciu giua 2 (hoac nhieu hon) nguyen tir trung tarn. 6 cac phan ting nay 
didn ra su polime hoa va su tang khdi lupng phan tir cua cac phtic. 

a. Phan ting deacvo hoa thudng 

Dd'i vdi phan ting deacvo hoa thudng, trdn gian dd phan tich nhidt co cac bi£u 
hien gidng nhu phan ting dehidrat hoa, chi khac d chd nhiet dd tach nude phdi tri la 
cao hon (xem gian dd phan tich nhidt phtic [Fe(HC00) 3 (H 2 0)].l/3H 2 0 trinh bay 6 
hinh 3.6). 

Ket qua nghien ctiu gian dd phan tich nhiet cac phtic chat fomat cua Mn(II), 
Co(II), Cr(III), Fe(III) cho thay khoang nhiet do deacvo hoa cua cac phtic ammiacat 
tha'p hon so vdi cac phtic fomiat (bang 3.8). 


Bang 3.8. Khoang nhiet do deacvo hoa cua mot vai 
phtic fomiat va ammiacat [8, 23] 


Phtic chat 

Khoang nhiet do 

deacvo hoa, °C 

Phtic chat 

Khoang nhiet dd 

deacvo hoa, °C 

[Mn(HC00) 2 (H 2 0) 2 ] 

100- 160 

[Co(NH 3 ) 5 (H 2 0)]X 3 

50- 150 

[Co(HCOO) 2 (H 2 0) 2 ] 

100- 160 

[Cr(NH,),(H 2 0))X, 

50- 150 

Cr(HC00) 3 (H 2 0)] 

150- 265 

[Rh(NH 3 ) 5 (H 2 0)]X 3 

95 - 125 

Fe(HC00) 3 (H 2 0)] 

121 - 168 

[RufNHjljfHjOJlX, 

60 - 100 
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Phan umg deacvo hoa cac phirc fomat xay ra theo kieu tach nude kem theo sir 
giam sd phdi tri cua ion trung tarn [8, 65]: 

—xH O 

[M(HCOO) (4 . x) (H 2 0)J -[M(HCOO) 4 . x ] 

vdi M = Mn(II), Co(II); x = 2. M = Cr(III), Fe(III); x = 1. 

Phan umg deacvo hoa ddi vdi mdt loat phurc chat monoaquapentaammin loai 
[M(NH 3 ) 5 (H 2 0)]X 3 da duqc sir dung nhu 1 phucmg phap de didu che cac phurc chat 
loai monoaxido pentaammin [M(NH 3 ) 5 X] X 2 theo phucmg trinh: 

[M(NH 3 ) 5 (H 2 0)]X 3 —-—► [M(NH 3 ) 5 X]X 2 +H 2 0 
d day M la Co(III), Cr(III), Rh(III), Ru(III) va X la Cl, Br, I, N0 3 , i S0 4 , \ S0 3 . 

Nhiet dd bat dau xay ra phan irng deacvo hoa cua cac phurc chat loai tren la 
tircrng doi tha'p, tir 50°C (bang 3.8). Nguy6n nhan la do phan umg deacvo hoa cac phurc 
chat monoaquapentaammin noi tr6n xay ra theo kieu tach nude kem theo su xam 
nhap anion c£u ngoai vao cdu noi (giu nguy6n sd phoi trf), nhu the se co lcri v6 mat 
nang luemg hon la kieu tach nude kem theo su giam so phoi trf cua ion trung tarn. 

Phan umg deacvo hoa cua cac phde chat diaqua loai [ML 4 (H 2 0) 2 ]X 3 trong do M 
la Cr (III), Co (III); X la Cl, Br; L la NH 3 va 1/2 en (etylendiamin) da duqc nghien 
curu nhd cac phucmg phap phan tfch nhiet khac nhau [54]. Cac tac gia da xac dinh 
duqc rang co su tach nude theo na'c de tao thanh phurc monoaqua trung gian theo so do: 

[ML 4 (H 2 0) 2 ]X 3 ~ H2 ° > [ML 4 (H 2 0)X]X 2 

[ML 4 (H 2 0)X]X 2 ~ Hz0 > [ML 4 X 2 ]X 

Doi vdi cac phurc amino cua Co(III) va Cr(III), na'c dau xay ra trong khoang 
nhiet do 70 + 90°C, na'c sau d 150 ^ 170°C. 

Tit cau ngoai xam nhap vao c£u ndi, cac anion go'c axit co the bi6u hien dung 
luqng phd'i trf 1, 2 hoac tao c£u ndi. Vi du nhu: c/5-[Co(NH 3 ) 4 (H 2 0) 2 ](I0 3 ) 3 khi bi 
deacvo hoa thudng thanh phde chat monoaqua c/s-[Co(NH 3 ) 4 (H 2 0)I0 3 ](I0 3 ) 2 trong 
do I0 3 thd hien dung luqng phoi tri 1. Con doi vdi phirc cr\s-[CoEn 2 (H 2 0) 2 ](N0 3 ) 2 khi 
deacvo hoa tao thanh phirc chat [CoEn 2 N0 3 ](N0 3 ) 2 trong do N0 3 thd hien dung 
luqng phoi trf 2. 

Khi nghien cuu ve su deacvo hoa phurc cr\y-[Co(NH 3 ) 4 (H 2 0) 2 ] 2 (S0 4 ).3H 2 0 tren 
co sd cac dudng TG va DTA ngudi ta da gia thid't cac giai doan chuydn hoa nhiet cua 
phurc nay la: 

1. Dehidrat hoa: 
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[Co(NH 3 ) 4 (H 2 0) 2 ] 2 (S0 4 ) 3 .3H 2 0 - 84a<= > [Co(NH 3 ) 4 (H 2 0) 2 ] 2 (S0 4 ) 3 + 3 H : 0 

2. Na'c thur nha't cua phan ling deacvo hoa: 

102°C 

cis- [Co(NH 3 ) 4 (H 2 0) 2 ] 2 (S0 4 ) 3 -► c/j-[Co(NH,) 4 (H 2 0)S0 4 ] 2 + H z O 

3. Na'c thur hai cua phan ung deacvQ.hoa: 

2 cis- [Co(NH 3 ) 4 (H 2 0)S0 4 ] 2 S0 4 H 2 0 + c/5-Co(NH 3 ) 4 (H 2 0)S0 4 ][Co(NH,) 4 (S0 4 ) 2 ] 

. 1 C *- c/5,c/5-[Co(NH 3 ) 4 (S0 4 ) 3 Co(NH,) 4 ] + H 2 0 

d na'c thu nha't cua su deacvo hoa, anion S0 4 - chuy£n vao cau ndi nhu phdi tu 
co dung luong phd'i tri 1. 6 na'c thu hai, thoat dau (d 120°C) co su tao thanh phuc 
chat trung gian ma trong do ca 3 nhom sunfat ddu the hien dung luong phdi tri 1. Su 
tach 0,5 mol H 2 0 d 134°C gay nen su tao thanh lien ke't cau ndi Co - S0 4 - Co. Tren 
gian do nhiet, ta't ca cac qua trinh nay ddu th£ hien tren ducmg DTA bang nhung pic 
thu nhiet rieng biet. 

b. Phan ting deacvo hoa ngung ket 

Phan ling deacvo hoa ngung kdt cac phirc ran da duqc bie't tir lau va ngudi dau 
tien nghien ciru chung la Vecne. 

Cac phirc duqc nghien ciru trong thcri gian gan day co th£ chia lkm 4 nhom: cac 
phirc anion, cac phirc cation, cac phirc khdng mang didn, c&c phirc chiia ca anion va 
cation. 

Su deacvo hoa ngung ket cic phirc anion dang K[Co(H 2 0)L(OH)].mH 2 0 trong 
do L la phd'i tu loai axit nitrilotriaxetic da duqc nghien ciru. Cac phd'i tu khep vong L 
phd'i trf vdi nguyen tur Co qua nguyen tu N va ca 3 nhom COO , nhu the' dung luong 
phd'i trf td'i da cua chung la 4. Cau ngoai cua nhung phuc nay khdng co cac phan tu 
co kha nang phd'i trf vdi nguyen tu Co sau khi tach H 2 0 va cung khdng co phdi tu co 
kha nang tang dung luong phd'i tri cua minh. Vi vay khi nung nong d th£ ran, chung 
chuy^n thanh cac hop chat duqc ndi vdi nhau bang 2 cau OH theo so d6: 

2 K[Co(H 2 0)L(OH)] (r) — K 2 [LCo(OH) 2 CoL] + H 2 O u , 

Su deacvo hoa ngung ke't cation phtic dang cr\s-[Co(NH 3 ) 4 (H 2 0)OH]X 2 , trong 
do X la Cl, Br, N0 3 , 1/2S0 4 , co ducmg DTA giong nhau. Pic toa nhiet dau tien 6 
120 (, C cho tha'y phan ling deacvo hoa theo phuong trinh: 

2 ci5-[Co(NH 3 ) 4 (H 2 0)OH]X 2 (r) —^ 2H 2 0 (k) + [(NHj^CoCOH^oCNH^JX*,, 

Nang luong hoat hoa cua qua trinh deacvo hoa ngung ke't cac phuc 
[Co(NH 3 ) 4 (H 2 0)OH]X 2 trong do X la Cl, Br, 1/2S0 4 , N0 3 la 59, 63, 63, 138 kJ / mol 
tuong ling gan vdi nang luong hoat hoa cua su deacvo hoa thudng cac phirc 
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aquapentaamin cua Co(III), Cr(III) trti trucmg hop N0 3 . Sir tang kich thirdc cua anion 
c^u ngoai trong cac hop chat [Co(H 2 0)en(gly)OH]X trong do gly la ion glixylat dan 
d£n su tang nhiet dd va nang luong hoat hoa cua phan ting deacvo hoa ngimg ket 
(nhiet d6 bat dau la 166, 175, 180°C, E tuong ting la 296, 344, 352 kJ / mol) khi X la 
Cl, NOj, Br (tuong ting) co nghla la su ngimg ket kho dan. 

3.3.4. Phan ting tach hidrohalogenua 

a. Phan ting tach hidrohalogenua doi vdi phtic chat bat dien 

Vao gitia the ki XIX, Andecxen da phat hien ra su chuyen hoa thti vi trong 
dung dich cua pyridini hexacloroplatinat(IV) (PyH) 2 [PtCl 6 ]. Khi dun nong dung dich 
cua phtic chat tren da nhan tha'y co su tach cac phan tu hidroclorua ra khoi dung dich 
va tao thanh cac phtic chat chtia 1 va 2 phan tu pyridin trong cau noi. Vecne giai 
thich rang, co su bien d6i do la do khi dun nong trong dung djch phtic chat tren, da 
xay ra cac phan ting chuyen vi sau: 

(PyH) 2 [ PtCl 6 ] (PyH)[Pt(Py) Cl s ] + HC11 

(PyH)[Pt(Py)Cl s ] ^ [Pt(Py) 2 Cl,J + HC11 

Ve sau phan ting dang tren duoc goi la sit chuyen vi Andecxen. Vao nhung nam 
60 cua the ki XX, bang phuong phap phan tlch nhiet da xac nhan nhung ket luan co 
ban cua loai phan ting chuyen vi nay. 

Phan ltin cac thi du ve su chuyen vi Andecxen da ducrc nghien ctiu vtii cac phtic 
cua Re. Cac tac gia da chi ra rang khi nung cac chat ran (PyH) 2 [ReX 6 ] trong do X = 
Cl, Br trong khi tro den gan 300°C co su tach 2 mol HX tu 1 mol chat dau theo so d6: 

(PyH) 2 [ReX 6 ] —► [RePy 2 X 4 ] + 2HXt 

Trudng hop phtic co dang (dipyH 2 )[ReX 6 ] trong do X la Cl, Br cung xay ra su 
chuyen vi tuong tu. Trong ta't ca cac truong hop, qua trinh kem theo cac hieu ting thu 
nhi6t. Tuy nhien doi vtii cac phtic cha't etilendiamin kieu (enH 2 )[ReX 6 ] khong di6n ra 
cac qua trinh tuong tu nhu tr6n. Nhu vay kha nang xay ra su chuyen vi Andecxen la 
tuy thuoc vao ban chat cua amin. 

Dua tren ket qua phan tich nhiet cua phtic cha't amoni hexaclororodiata(III), tac 
gia da d4 nghi cac giai doan cua qua trinh phan huy nhu sau: 

(NH 4 ) 3 [RhCl 6 ] 1 HC1 > (NH 4 ) 2 [RhNH 3 Cl 5 ] ~ (HC1 + NH4C - [Rh(NH 3 )2Cl 3 ] ~ 2NH 3 > RhC i 3 

100-200 C 300-350°C 3 420-450°C 

Ngutii ta da nghidn ctiu m6t each he thong su phan huy nhi6t va pho ha'p thu 
h6ng ngoai cua 20 phtic cha't co c6ng thtic chung la (AH) 2 [MC1 6 ], trong do M la 
Pd(IV) va Pt(IV), A la NH 3 , cac amin beo, amin thorn, amin di vong. Cac tac gia cho 
rang, su phan huy co th£ xay ra theo 2 huemg phan ting: 
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(AH) 2 [MC1 6 ] —► [MA 2 Q 4 ] + 2 Hat (1) 

(ah) 2 [mq 6 ] —► (ah) 2 [mq 4 ] + a 2 t a) 

That vay, keTt qua phan tich nhidt da cho tha'y, dtfi vdi cac phtic chat cua paladi 
(IV) nd'u amin ciu ngoai la piridin, picolin, anil in, p-toluidin, quinolin thi khi bi nung 
nong da tach d6ng thcri 2 mol HQ va 1 mol Cl 2 tir 1 mol phtic chat dau (AH) 2 [PdQ 6 ]. 
Di6u d6 chting to, sir phan huy cac phtic chat nay xay ra theo hudng (1): 

(AH) 2 [PdQ 6 ] —► [PdA 2 Q 4 ] + 2 HQ t 

San phim tao thanh la [PdA 2 a 4 ] ngay lap tire (xay ra d6ng then vdi phan ting 
(1» bi phan huy tao ra Cl 2 theo phan ting: 

[PdA 2 a 4 ] —► [PdA 2 a 2 ] + a 2 T 

Trong trudng hap amin d c£u ngoai la amoniac, metylamin, 1/2 etilendiamin, 
piperidin va 2,2’-dipyridin, giai doan phan huy chung nay didn ra trong khoang nhidt 
do rdng (80 -r 260°C) va kem theo hifiu ting thu nhiet. Cac tac gia cho rang ddi vdi 
cac phtic chat nay, khi bi nung nong, phan ting dehidrohalogenua (theo hudng 1) xay 
ra trude phan ting tach Cl 2 . Nghla la su phan huy phtic chat xay ra nhu sau: 

(AH) 2 [PdCl 6 ] ~ 2H g> [PdA 2 a 4 ] — » [PdA 2 Cl 2 ] 

Ket qua nghi6n ctiu ph6 ha'p thu hdng ngoai cac san phdm phan tich nhifit cho 
tha'y, dd'i vdi cac phtic chat dau, trong do A la pyridin, picolin, 2,2’-dipyridin, phtic 
chat [PtA 2 Cl 2 ] tao thanh co ca'u hinh trans. 

D6'i vdi cac phtic chat (AH) 2 [Pta 6 ] trong do A la pyridin, picolin va p-toluidin 
khi nung nong d the ran cung bi chuy^n hoa theo so d6 phan ting (1). Khi nung nong 
cac hap chat da cho trong di6u kien dang nhidt d nhiet dd g£n nhiet dd bat diu phan 
huy, dudng DTA da xac nhan su tao thanh diamin platin (IV) dang [PtA 2 X 4 ]. 

Khi nung cac phtic (AH) 2 [Pta 6 ] trong do A la anilin, quinolin, 2,2’-dipyridin 
tha'y ddng thdi ca su tach Ha va a 2 theo phuang trinh: 

(AH) 2 [Pta 6 ](r) -► cw-[PtA 2 a 2 ](r) + C\ 2 + 2 Ha 

Bieu do co le do qua trinh tach hidrohalogenua va su khu Pt(IV) xudng Pt(II) 
didn ra trong khoang nhiet dd hep va trirng nhau d mtic dd ldn. 

Tir ke(t qua phan tich d trdn cho tha'y, khi bi nung nong phtic chat ran cua paladi 
dang (AH) 2 [Pda 6 ] deu xay ra su chuydn vi Andecxen. Con ddi vdi cac phtic chat ran 
cua platin dang (AH) 2 [Pta 6 ], chi co 6 trudng hap vdi A la pyridin, picolin, p-toludin, 
anilin, quinolin, 2,2’-dipyridin la xay ra su chuyen vi Andecxen, con 4 trudng hap A 
la piperidin, amoniac, metylamin va etilendiamin khong xay ra su chuvdn vi 
Andecxen. Hidn tuong nay co th^ lien quan den luc baza manh cua 4 amin trdn din 
den dd ben nhidt cua AH + ldn. 
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Chuy£n vi Andecxen th£ hien tren gian d6 phan tich nhiet nhu sau: Tren ducmg 
DTG xuat hien pic cue ti£u trong khoang nhiet do tucmg ung vdi bac thang giam khoi 
lu<mg tren ducmg TGA va tucmg umg vdi hieu umg thu nhiet tren dufrng DTA. 

Nhung dieu trinh bay tren cho tha'y rang, sir chuyem v{ Andecxen trong phurc 
ran se xay ra khi co cac di£u kien sau: 

a) Tfnh b^n nhiet kem cua cac amin bj proton hoa d cSu ngoai. 

b) Kha nang tao lien ket cho-nhan tuong d6i 1dm cua cac amin vdi kim loai. 

c) Tlnh ben cua nguyen tu trung tam vdi su khu. 

d) Tfnh bdn nhiet cua cac san ph^m dehidrphalogenua. 

b. Phan ting tach hidrohalogenua doi v&i phtic chat vudng phang 

f 

Ngudi ta da nghien cum phan ling tach HX cua mot loat cac phtic vudng phang 
cua Pd(II), Pt(II) dang (AH) 2 [MC1 4 ] bang phucmg phap phan tich nhiet. Khi nung 
nong, cac phurc nay tach 2 mol HC1 tir 1 mol chat d<ru va tao thanh phurc diamin 
tucmg umg: 

(AH) 2 [MCI 4 ] w _ -► [MA 2 Cl 2 ] (r) + 2 HC1 (3) 

Tren gian d6, su dehidrohalogenua cua cac phurc (AH) 2 [MC1J ducrc phan anh 
bang cac pic cue tieu tren ducmg DTG d khoang nhiet dd tucmg umg vdi hieu umg thu 
nhiet trdn ducmg DTA va cac bac thang giam khd'i luong tren dudng TG phii hop vdi su 
tach 2 mol HC1. Cac nhiet dd bat dSu su phan huy nhiet ducrc dua ra trong bang 3.9. 

Bang 3.9. Nhiet dd bat d&u phan huy cac phurc cha't(AH) 2 [MCl 4 ], (M = Pt, Pd) 


A 

(AH) 2 [PtCl 4 ] 

(AH) 2 [PdCl 4 ] 

(AH) 2 [PtBr 4 ] 

7AH) 2 [PdBr 4 ] 

Amoniac 

210 

216 

220 

225 

Metylamin 

180 

205 

200 

225 

1,2-Etilendiamin 

185 

183 

220 

240 

Piperidin 

190 

202 

220 

235 

Pyridin 

140 

140 

190 

180 

Picolin 

135 

150 

190 

190 

Anilin 

150 

134 

- 

160 

p-Toluidin 

130 

150 

- 

180 

m-Nitroanilin 

- 

152 

- 

175 

Quinolin 

132 

160 

190 

170 

8-Hidroxiquinolin 

130 

160 

- 

- 
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Sir biin dii ding nhiet cac phtic (AH) 2 [PdCl 4 ] thanh [PdA 2 Cl 2 ] diin ra nhanh 
vii hieu suit chuyin 100 %. Phan umg nay c6 thi coi la mit phucmg phap thuin lai 
di dieu chi rra/i5-[PdA 2 Cl 2 ]. 

Su phin huy ding nhiet (AH) 2 [PtClJ din din sir tao thanh dang diamin vdi tit 
ca cac phurc trir phurc cua NH 3 , CH 3 NH 2 . Khi A la p-toluidin, quinolin thi tao ra phurc 
[PtA 2 Cl 2 ] co ciu hinh trans, khi A la etilendiamin, picolin, anilin thi tao ra phurc cis- 
[PtA 2 Cl 2 ], khi A la pyridin thi san phim phin huy la h6n hop cis- va trans- 
[Pt(Py) 2 Cl 2 ], Su phin huy nhiet cua [Pt(NH 3 ) 2 Cl 2 ] va [Pt(MeNH 2 ) 2 Cl 2 ] diin ra trong 
khoang nhiet di 180 - 300°C, co le vi thi ma khi phin tfch nhiit, (NH 4 ) 2 [PtCl 4 ] va 
(MeNH 3 ) 2 [PtCl 4 ] khing chuyin thanh cac diamin tuong umg ma bi phin huy ngay 
thanh platin clorua va platin. 

Dang cac duing TG, DTA, DTG cua cac phurc (AH) 2 [PtCl 4 ] vii A: Py, picolin, 
quinolin cho cho thi'y co su phin nic cua su tach HC1 va chuyin amin vao ciu nii 
cua phurc. Tir su phin tich dd nghiing cua ducmg cong ngucri ta rut ra kit luin ring 
tic dd chuyin phin tu amin thur 2 lin hem tic di chuyin cua phin tu amin thur nhi't 
vao ciu nii. 

Tir cac si lieu cua bang 3.9 co thi xip cac hop chit dang (AH) 2 [PtCl 4 ] thanh 2 
nhom. Nhom thur nhit tach HC1 6 khoang 180 - 220°C, nhom thur hai tach HC1 a 
khoang 70 - 160°C. Nguii ta thi'y co su liin he giura nhiit di bit diu tach HX va luc 
baza cua amin ciu ngoai. Cac phurc tach HC1 a 180 - 220°C thudmg chura amin ciu 
ngoai vdi K b c5 10' 5 . Con cac phurc tach HC1 6 70 - 160 U C - vii K b c5 10' 8 . 

Trong dung dich su thi ion halogen bing amin trong cac phurc (AH) 2 [MXJ 
tuin theo qui luit anh huemg trans cua I. I. Chemyaep va din din su tao thanh cis- 
[MA 2 X 2 ], trong do M la Pt(II), Pd(II). Cac phurc diamin [MA 2 X 2 ] cua Pt(II) va Pd(II) 
nhin duac bing phucmg phap ting hap a trang thai rin nhcr phin huy nhiit cac phurc 
(AH) 2 [MXJ cung thuing co ciu hinh cis. Tuy nhiin trong mit si truing herp ci xay 
ra su dong phin hoa thanh ciu hinh trans. 

Su phin tfch nhiet cua mit si phurc chit monoamin dang [AmH][PtAmX,], 
trong do Am la NH 3 , Py, X la Cl, Br, da duac nghien curu trong cing trinh [66]. Kit 
qua duac liet ki a bang 3.10. 

Qua trinh phin huy cac phtic chit khan a bang 3.10 xay ra qua 2 giai doan. 
Giai doan diu, song song vii su tach 1 phin tu HX co kern theo su chuyin 1 phin tu 
amin vao ciu nii cua phurc theo so do: 

[AmH][PtAmX 3 ] —^ [Pt(Am) 2 X 2 ] + HX 

Giai doan 2 xay ra su tach cua tit ca cac phii tu tu phurc chit va tao ra platin 
theo phan umg: 

[ Pt(Am) 2 X 2 ] —► Pt + 2 Am + X 2 
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Bang 3.10. Du lidu phan rich nhidt mot s 6 phurc chat 
monoamin dang [AmH][PtAmX 3 ] 


Phut chat 

Hieu ling 

dehidrat h6a 

Hieu ling 
khdng 

kem 

giam kh<5i 

luong, °C 

Hieu ung 

tach HX 

Hieu ling 

tach (2Am+X 2 ) 

Nhiet 

d6,°C 

Am, % 

Nhifit 

d6,°C 

Am, <% 

Nhiet 

d6, °C 

Am, % 

TN 

LT 

TN 

LT 

TN 

LT 

(NH 4 )[Pt(NH 3 )Cl 3 ] 




202+210 

210-290 

10,00 

10,83 

290+340 

32,60 

32,05 

(NH 4 )[Pt(NH 3 )Br 3 ]H 2 0 

80+140 

3,59 

3,09 

170-180 

280-330 

16,08 

16,59 

330-450 

38,30 

39,19 

(PyH)[Pt(Py)Cl 3 ] 




- 

155-230 

8,33 

7,91 

230-330 

39,09 

39,75 

(PyH)[Pt(Py)Br 3 ] 




175-187 

187-245 

13,96 

13,62 

245+330 

55,31 

53,54 


Tur su phan rich tren, ta tha'y doi v6i cac phurc chat monoamin Pt(II) loai 
(AmH)[PtAX 3 ], su chuyen vi Andecxen xay ra a khoang 155 - 330°C. Can luu y 
rang, d6'i vdi loai phurc chat nay trur (PyH)[Pt(Py)Cl 3 ], co xay ra hien tuong nong 
chay a khoang 170 + 210°C (hieu umg thu nhidt tren ducmg DTA nhung khong kern 
theo su giam khd'i lucmg tren ducmg TGA) trudrc khi chung bi phan huy. 

Nghien curu su phan huy nhiet cua phurc ran [Pt(C 9 H 6 NOH) 2 Cl 2 ] va 
[Pd(C 9 H 6 NOH) 2 Cl 2 ] trong do C 9 H 6 NOH la 8-hidroxiquinolin ngubi ta [54] nhan tha'y 
co sir tach 2 phan tu HC1 va tao thanh mud'i noi phurc [M(C 9 H 6 NO) 2 ]. 

Khi nghien curu tuomg tac cua K 2 [PtCl 4 ] vdi 8-hidroxiquinolin chung toi [67] 
thu duqc mot phurc chat co thanh ph£n gid'ng nhu phurc [Pt(C 9 H 6 NOH) 2 Cl 2 ]. Phurc 
vong do tan kha trong nude, co ket tua dinh lucmg vdi AgN0 3 , co do dan dien phan 
tur la 183 Q'cn^mol' 1 umg vdi phurc dien li 3 ion, nhung do din dien giam din theo 
thcri gian, va tur dung dich tha'y tach ra ket tua. Chung toi cho ring no co cong thuc 
[Pt(C 9 H 6 NOH) 2 ]Cl 2 va trong dung dich chung da bi dong phan hoa tao ra phurc trung 
hoa ft tan nhu sau: 



Tren gian d6 phan tfch nhiet cua phtic chat [Pt(C 9 H 6 NOH) 2 ]Cl 2 chung toi nhan 
tha'y cr 140 - 240°C co hieu umg thu nhiet v6i su giam 12% khoi lucmg tuong umg vdi 
su tach 2 HX (If thuy£t la 13,1%), tire la tao thanh la muo'i n6i phtic [Pt(C 9 H 6 NO) 2 ], 
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Tiep theo la hipu ting thu nhiet 6 240 - 340°C vcri su giam 25% khPi luong tuong ting 
v6i su tach 1 gPc C 9 H 6 NO (If thuy£t la 26,1%). CuPi ciing, lai m6t hieu ting thu nhiet 
o 350 - 450°C vPi su giam 25% khPi luong tuong ting vPi su tach gPc C^H^NO thu 
hai (If thuy£t la 26,1%). Nhu vfiy su nhiet phan phtic [Pt(C 9 H 6 NOH) 2 ]Cl 2 dien ra theo 
so d6 phan ling sau: 

2 [Pt(HOC 9 H 6 N) 2 ]Cl 2 "-i5S!-2 [Pt(OC 9 H 6 N) 2 ]—[{Pt(OC 9 H 6 N)} 2 ]- -— 2Pt 

3.3.5. Su d6ng phan hoa bdi nhiet 

Su chuy^n hoa tuong h6 cua cac phtic chat dPng phan tti lau da thu hut su chu y 
cua cac nha hoa hoc. Vipc nghien curu su thay d6i hoa lap the cua cac phtic platin(II) 
vuPng phang va cac phiic bat dien cua Co(III), Cr(III) cung nhu cac kim loai khac 
kh6ng chi cho phep lam sang to co che cua cac phan ling raxemic hoa va chuy^n vi 
kh6ng gian ma con dong gop quye't dinh vao viec xac dinh co che cua cac phan ung 
trao d6i va thay the trong cau n6i cua cac phurc chat trong dung dich. 

Su thay d6i ca'u true lap the cua cac phiic chat the ran hien nay con chua dupe 
nghien ciiu m6t each day du vi vay trong nhi6u truemg hop chua co kha nang tien 
doan mpt each chinh xac ve kha nang tu d6ng phan hoa cua hop chat, ve huong va ca 
khoang nhiet dp ma no xay ra. 

a. Su dong phan hoa cac phtic vuong phang dang [MA 2 X 2 ] va [MALX 2 ] 

Anh huemg trans xua't hien trong cac phurc ran da dupe nghien curu nhiPu bang 
phuong phap quang ph6 h6ng ngoai, phan tlch ca'u true Ronghen, phan tfch ph6 
NMR. Ket qua thu dupe tir cac phuong phap nay da phan anh cac mat tlnh cua cac 
hien tuong anh huong trans. Mat dpng cua anh huong trans da dupe nghien curu 
nhi6u trong cac phurc 6 trong dung dich. 

Trong nhung nam gan day ngudi ta da nghien curu m6t each he thPng v6 su 
chuyen hoa phurc 6 dang ran hoac nong chay. Cac ke't qua nhan dupe chi ra rang co 
su phu thuoc xac dinh giua huomg cua su bie'n d6i nhiet va dp lorn cua anh huong 
trans cua cac phPi tir trong c£u nPi. Co nghla la anh huong trans dPng xua't hien 
trong cac phan ung cua cac phurc 6 ca the ran. 

Nhung bang chung ve su xua't hipn anh huong trans dPng trong cac phan ung 
cua phurc or dang ran da dupe dua ra. Nhu vao nam 1921, L. A. Chugaep va X. X. 
Kiltunovic da chi ra rang 6 100°C phurc [Pt(NH 3 ) 3 N0 2 ]N0 2 rat de bi mat 1 phan tu 
amin va tao thanh rru/25-[Pt(NH 3 ) 2 (N0 2 ) 2 ]: Hipn nay phan ung nay dupe khao sat nhu 
1 vi du dien hinh cua su xuat hipn anh huong trans cua cac nhom trong c£u npi cua 
cac phiic chat platin (II). 

Trong cac cPng trinh nghien cun cua Nhicolaiep va Rubinsten da thu dupe mPt 


176 




k£t qua li thu la: trfin ducmg DTA cua phurc as-[Pt(NH 3 ) 2 Cl 2 ] co cac pic toa nhidt 
khdng thay ddi khdi lucmg, cac pic do xuit hidn la do sir chuydn hoa cua phurc chat 
sang dang d6ng phan trans. Sir d6ng phan hoa da diroc xac nhan bcri cac thuc nghiem 
hoa hoc true tidp. C£n phai chu y la qua trinh d6ng phan hoa cis —> trans thucmg bi 
phurc tap hoa do co sir phan huy phan tir phurc chat ddn Pt kim loai va khdng loai trir 
kha nang Pt kim loai sinh ra lai xuc tac cho phan umg d6ng phan hoa. 

Nhidt ddng hoc cua qua trinh chuyen cis —► rra/J5-diclorodiaminplatin(II) da 
diroc nghien curu trong cac cdng trinh cua I. I. Chemyaep va cac cdng sir [54]. Sir 
chdnh Idch nang lucmg toan phln giua dang cis va trans cua [Pt(NH 3 ) 2 Cl 2 ] la AH 0 = 
- 12,6 ± 0,8 kJ/mol. 

Cac phurc dang cr5-[PtA 2 X 2 ] v6i A la cac amin, X la I, Br khi nung 6 dang ran 
thi toa nhifet, kh6ng bi phan huy ma bi d6ng phan hoa tao ra cac d6ng phan trans 
tircmg umg. Sir d6ng phan hoa cac phurc chura iot xay ra 6 135 - 205°C con vdi cac 
phurc tuong tir cua brom thi cao hon 30 - 40°C. Vdi cac phurc tuong tu cua clo co th^ 
su ddng phan hoa xay ra b nhidt dd cao hon nura vi the su phan huy xay ra tru6c sir 
ddng phan hoa. 

Cac cdng trinh cua Kukuskin, Xtrelin va mdt s6 tac gia khac da xac dinh ring 
cac phurc oxim cua platin(II) dang [PtA 2 X 2 ] bi d6ng phan hoa a nhidt d6 tha'p hon cac 
phurc amin. Didu do cho phep thuc hidn diroc sir chuyen c/s-[PtA 2 Cl 2 ] trans- 
[PtA 2 Cl 2 ] (trong do A la xyclopentanoxim va xyciohecxanoxim) va chumg to ring su 
ddng phan hoa cac phurc chit clo di6n ra tuong tu cac phurc chit cua iot va brom. 

Viec thay cac ion clo trong ciu n6i bing cac ion sunfuxyanua khdng lam thay 
d6i hudmg cua su d6ng phan hoa. Phurc cis- [PtPy 2 (SCN) 2 ] chuyen m6t each dinh 
luong thanh dang trans vdi hidu umg toa nhiet. 

V. A. Palkin va cdng su da chi ra ring su sai khag tuydt doi cua entropi cua cac 
phuc d6ng phan cis- va /ran5-[Pt(NH 3 ) 2 X 2 ] la khdng lorn, d 298,15° K su sai khac ve 
gia tri T.AS cua cac d6ng phan la 1,7 kJ/ mol vdri cac phuc cua clo, la 2,1 kJ/mol vdi 
cac phirc cua brom. Di6u do cho tha'y ring hudmg cua cac phan irng d6ng phan hoa 
c/\s-[PtA 2 X 2 ] thanh rra«5-[PtA 2 X 2 ] duoc xac dinh chu yeu bing dai lumig entanpi cua 
phan umg. 

Cac phurc cua paladi(II) thucmg kem ben hon so vdi cac phurc cua platin(II). Vi 
vay su d6ng phan hoa cac phurc [PdA 2 X 2 ] d dang rin xay ra d6 dang hon so vdi cac 
Dhuc cua platin(II). Thuc t6' trong dung dich nude thi ci\y-[Pd(NH 3 ) 2 Cl 2 ] d6 chuyen 
thanh ddng phan trans. Coe J. S. va Lyone J. R. da chumg to ring su t6ng hop cis- 
[Pd(NH 3 ) 2 X 2 ], trong do X la Cl, Br, I, gap nhi6u kho khan vi muc dd kho khan tang 
td Cl -> Br -> I. Nhu vay td thuc nghidm da rut ra qui tic: su ddng phan hoa cac 
phurc dang [MA 2 X 2 ] trong do M la Pt (II), Pd(II); A la Cac amin, X la cac halogen 
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hoac sunfuaxyanua xay ra theo hudng tao thanh phurc chat ma trong dd cic amin 
duac sap xdp ddi didn vdi phdi tijr co anh hudng trans manh nhat. Theo qui tac nay, 
khi nung nong ndu su phan huy phirc chat chua xay ra thi dang m-[MA 2 X 2 ] se dupe 
chuyen thanh dang trans. 

Su nghidn curu bang phuemg phap nhidt kf cac chat d6ng phan dang 
[Pt(R 2 SO)AX 2 ] trong do X la Cl, Br chi ra rang, cac hop chat co cau hinh trans khi 
nung nong 6 trang thai tinh thd khong bi giam khoi lupng ma bi d6ng phan hoa thanh 
phirc co ca'u hinh cis tuong ling [54]. 

Nhu v$y ta tha'y rang mac dii trong trucmg hop phuc sunfoxitamin xay ra khdng 
phai la su d6ng phan hoa cis —> trans ma la ngupc lai trans —> cis, nhung hudng cua 
qua trinh vin phu hop v6i qui tac da dua ra. Tuc la qua trinh d6ng phan hoa di theo 
hudng tao thanh cac phirc chat ma trong do amin dupe sap xep d6i dien vdri ph6i tu 
co anh hu6ng trans ldn nhat (anh hudng trans cua diankylsunfoxit cao hon cua clo 
va brom). 

Qui tac v£ hudng cua su d6ng phan hoa kh6ng chi dung vori cac phirc amino ma 
con dung vdi cac phirc photphin cua Pt(II) va Pd(II) co chiia cac ph6i tir trung h6a 
hoac tfch difen co anh hudng trans cao. 

b. Su chuyen hoa nhiet cua cac phirc dang mudi Magnuc va Vokelen 

Khi nghien cihi cac phirc thioete cua platin(II), L. A. Chugaep va B. M. 
Xubotin da phat hien rang, cac hop chat dang [PtCRSQ H 4 SR) 2 ][PtCl 4 ] (R la CH 3 -, 
C 2 H 5 -, C 3 H 7 -) khi dun nong d trang thai tinh the bi chuyen thanh phirc chat trung hoa 
theo phan ung: 

[PttRSQH.SR^HPtClJ -► 2 [PKRSQH.SRiCl,] 

Su chuyen nay cung xay ra vdi cac phirc cua brom. Cac phirc cua bromo va 
clorodimetylsunfit [Pt(DMS)J [PtCl 4 ] chuyen thanh phde khdng mang dien ngay d 
nhiet do phong. L. A. Chugaep va P. N. Tiari cung giai thfch su thay doi mau khi 
nung d the ran phuc [Pt(CNC 6 H 5 ) 4 ][PtCl 4 ] do L. Ramberg dieu ch^ dupe. Ho da mo ta 
su bien d6i nhiet cua no bang phuong trinh: 

[Pt(CNC 6 H 5 ) 4 ][PtCl 4 ] —2 [Pt(CNC 6 H 5 ) 2 Cl 2 ] 

Phirc chat metylnitril tuong tu d the ran cung chuyen thanh phuc don nhan 
[Pt(CNCH 3 ) 2 Cl 2 ]. 

Khi nghien curu phan ung loai trfen, L. A. Chugaep va N. K. Psenhisu da xac 
dinh dupe rang mudi mau xanh Magnuc [Pt(NH 3 ) 4 ][PtCl 4 ] d khoang 270°C chuyen 
thanh [Pt(NH 3 ) 2 Cl 2 ] va bi phan huy mot ph£n thanh Pt kirn loai. Ngudi ta cung da 
chung to rang mudi Vokelen [Pd(NH 3 ) 4 ][PdCl 4 ] khi dun nong lau d 100°C thi chuydn 
thanh [Pd(NH 3 ) 2 Cl 2 ], 
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Phan umg chuydn phurc 2 nhan thanh phurc dan nhan nhir da xem xet a tren la co 
tfnh chat tdng quat cho cac phiic co c£u tao kidu nhir muoi Magnuc. 

Kukuskin, Budanova, Kotrennicop da tdng hap va nghien cun sir thay ddi ca'u 
true cua 17 phurc dang [Pt(RSC n H 2n SR) 2 ][PtX 4 ] trong do X la Cl, Br. Gian d6 nhiet 
cua tat ca cac phurc nay co net dac trirng la tren dudng DTA co pic phu hop vdi hieu 
umg toa nhiet nhung khdng lam thay ddi khoi lucmg. Tuang tu nhu cac phurc bis- 
dithioete, tren duemg DTA cua nhidu phurc chat khac cua platin nhu bis-diphotphin 
[Pt(Ph 2 PC 2 H 4 Ph) 2 ][PtCl 4 ], bis-photphin-thioete [Pt(Ph 2 PC 2 H 4 SC 2 H 5 ) 2 ][PtCl 4 ], cac 
photphin [Pt(PPhEt 2 ) 4 ][PtCl 4 ], [Pt(PPh 2 Et) 4 ][PtX 4 ] va triankylphotphit [Pt{P(OR) 3 } 4 ][ 
PtCl 4 ], ngufri ta tha'y co cac pic toa nhiet urng vdi su chuydn hoa khdng co su thay ddi 
khdi luong theo phuemg trinh: 

[PtL 2 L’ 2 ] [PtX 4 ] —► 2 [PtLL’X 2 ] 

Cac phurc cua paladi dang mud'i Vokelen ca vdi monoamin hoac diamin nhu 
[Pd(en) 2 ][PdCl 4 ] va cac phurc hdn tap Pt - Pd nhu [PdA 4 ][PtX 4 ] va [PtA 4 ][PdX 4 ] trong 
do A la NH 3 , CH 3 NH 2 , QHjNHj, I^HzNC^NHj), X la Q, Br khi nung nong cung 
tao thanh phurc dem nhan ki^u [PtA 2 X 2 ] va [PdA 2 X 2 ] gid'ng nhu trudng hop mud'i 
Magnuc. 

Nhu vay co th^ kdt luan la cac phurc cua platin dang mud'i Magnuc [PtL 4 ][PtX 4 ] 
hoac cua paladi dang mud'i Vokelen [PdL 4 ][PdX 4 ] trong do L la cac amin, photphin, 
photphit, izonitril, thioete, X la cac halogen, khi nung nong d trang thai ran bi 
chuy^n thanh phurc dom nhan trung hoa dang [ML 2 X 2 ]. Do la mdt hien tuang phd 
bien co tmh qui luat. 


3.3.6. Phan umg t&ch cac phoi tur khac 


Tuy theo muc dich nghien cum ngudi ta co the ghi gian dd phan tich nhiet trong 
khi quyen khdng khi, N 2 , khi hidm, C0 2 , CO... Trong timg dieu kien d do co the xay 
ra phan umg tu oxi hoa - khir cua phurc chat hoac phan umg oxi hoa - khu cua phurc 
chat vdi chat khi trong mdi trudng. Qua trinh phan huy phtic chat bao gdm: su durt 
mot sd lien kdt cu, hinh thanh mdt sd lien kdt mdi, su tao ra cac hap chat khi bay di 
va mdt sd chat bdn nhu oxit kim loai, cacbonat kim loai hoac kim loai... Ddng thdi 
qua trinh phan huy phtic chat co the xay ra mdt hoac nhieu giai doan. 


Qua trinh tach cac phd'i ttr khdng phai nude thudng rat phurc tap, khdng dan 
gian la tach hoan toan cac phd'i tu ra khoi ion trung tarn va tao thanh san ph£m khi 
bay di ma cung bao gdm su durt mdt sd lidn kdt cu, hinh thanh mdt sd lien kdt mdi, 
tao ra cac hap chat khi bay di va mdt sd chat ben nhu cacbonat, oxit hoac kim loai. 
Nhung qua trinh do co the xay ra mdt hoac nhieu giai doan va xay ra theo cac phan 
umg khac nhau tuy thude vao khi quydn quanh chung. 
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Dira tr6n gian d6 phan rich nhiet cua cac phirc chat fomat cua Co(H). Mn(II), 
Cr(III) (hinh 3.7), Fe(III) (hinh 3.6) chung t6i nhan tha'y tr£n dudng DTA sau 2 hiftu 
ung thu nhiet vdi su tach nude k£t tinh vh nude phtfi tri (da phan rich a cac muc 3.3.2 
va 3.3.3) xua't hien 1 hieu umg toa nhiet kha manh tucmg umg vdi su giam manh khdi 
lucmg tr6n dudng TGA va 1 pic kha lom tr6n dudng DTGA trai ra trong mdt khoang 
nhiet dd khdng cao (tir 170 -5- 320°C, rieng phurc chat cua Cr(III) la til 266 -s- 384). 
Di6u do chirng to cac phirc chat fomat kem b£n nhiet [68]. 



Hinh 3.7. Gian d6 phan rich nhiet cua phirc chat [Cr(HC00) 3 (H 2 0)].l/3H 2 0. 
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Hien tupng toa nhiet manh tren dufrng DTA c6 le do qua trinh tach cac phoi tu 
fomat c6 kern theo sir hinh thanh pha san ph£m ran kim loai oxit ben. Sir phan huy da 
dupe ti£n hanh trong b5u khf quyd’n N 2 , dua vao % giam khoi lupng, co the de nghi 
rang phan ung tach cac phtfi tu fomat trong cac phirc chat nghien curu nhu sau: 

2 M(HCOO) 2 —MO + C + 3 C0 2 1 + 3 H 2 1 (M la Co(II, Mn(II)) 

2 Fe(HCOO) 3 -► Fe 2 0 3 + 3 C + 3 C0 2 1 + 3 H 2 0 
2 Cr(HCOO) 3 —► 2 Cr0 2 + 2C + 4 C0 2 T + 3 H 2 T 

Rieng deft vdi cac phirc chat fomiat cua CrIII), sau khi tach cac phoi tu fomat 
(266 384°C), d nhiet do cao hon con xay ra qua trinh phan huy Cr0 2 : 

2 Cr0 2 — ► Cr 2 0 3 + 1/2 0 2 

Ket qua tfnh toan % khoi lupng bay di theo phan ung kha phu hop vdi ket qua 
chi ra tren gian d6 phan rich nhiet (bang 3.12). 


Bang 3.12. Ke't qua phan rich nhiet cac phirc chat fomat trong khf quyen nito 


C6ng thirc 
phan tir 

Tdch nude 

kfi't tinh 

Tach nude 

ph6i trf 

Tdch c£c phan 

c6n lai 

Nhidt 

d6,°C 

Am (%) 

Nhiet 

do, °C 

Am (%) 

Nhiet 

d6, °C 

San 

pham 

khf 

Am (%) 

TN 

LT 

TN 

LT 

TN 

LT 

[Mn(HC00) 2 (H 2 0) 2 ] 




100-160 

18,7 

19,8 

170-300 

co 2 , h 2 

35,0 

37,5 

[Co(HCOO) 2 (H 2 0) 2 ] 




100-160 

19,6 

19,4 

170-300 

co 2 , h 2 

35,9 

36,7 

[Cr(HC00),(H 2 0)] 

75-150 

2,5 

2,8 

150-266 

7,9 

8,5 

266-384 

co 2 , h 2 

43,3 

43,13 

1/3H 2 0 







384-525 

0 2 

2,68 

3,79 

[Fe(HC00) 3 (H 2 0)] 

70-121 

3,0 

2,8 

121-168 

8,5 

8,4 

168-280 

co 2 . 

41,8 

43,3 

1/3 H 2 0 








h 2 o 



[Ni(HC00) 2 (H 2 0) 2 ] 




100-180 

20,6 

19,5 

140-250 

co 2 . 

44,5 

42,4 









h 2 o 




Sir phan huy nhiet cac phirc chat trioxalato cua Cr(III), Mn(III) va Fe(III) trong 
khong khf va trong khf quyen nito da dupe nghien cuu [69, 70]. Song ket qua phan 
rich nhiet cua cac phirc chat do con co nhtfng va'n de chua duqc thong nhat. Dua tren 
gian do phan rich nhiet trong khf quyen nito cac phirc chat trioxalato cua Cr(III), 
Mn(III) va Fe(III) do chung t6i tdng hop thi su tach nude ket tinh xay ra d khoang 
nhiet do 50 -s- 150°C. d nhiet dd cao hem qua trinh phan rich nhiet cua chung kha 
phuc tap. Tren dudng DTA cua cac phirc chat sau hidu ung tach nude ket tinh, con 
xua't hien lien tidp 3 hidu umg toa nhiet. Ridng ddi vdi phirc chat cua Fe(III) con xua't 
hien them 1 hidu ung thu nhiet d g£n 600°C (hinh 3.8). 
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Dua vao phan tram giam khoi lucmg va ket hop vdi ket qua nghien curu san 
pham phan huy bang phuong phap nhiSu xa tia X cua cac tac gia khac, chung t6i cho 
rang, qua trinh phan huy nhiet cua phdc chat K 5 [Fe(C20 4 ) 3 ].3H 2 0 xay ra cac giai 
doan nhu sau: 


3 K 3 [Fe(C 2 0 4 )3].3H 2 0 


30^- 150°C 

Hi6u ung thu nhiet 


K 3 [Fe(C 2 0 4 ) 3 + 3 H 2 0t 


3 K 3 [Fe(C 2 0 4 ) 3 ] 
6 K 2 [Fe(C 2 04)2] 


200~^~ 295 > 7°C 

Hi6u umg toa nhiet 

295,7t-345,5°C > 

Hieu ling toa nhiet 


2 K 2 [Fe(C 2 0 4 ) 2 ] + K 2 C 2 0 4 + 2 C0 2 f 
2 Fe 3 0 4 + 6 K 2 C 2 0 4 + 4 C + 8 Co| 
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3K 2 C 2 0 4 — 345,5 'V~ 8 *- 3K 2 C0 3 + 3C0 t 
Hieu utig toa nhiet 


2Fe 3 0 4 


521-650 


2FeO + 4 Fe + 3 0 2 | 


Hieu ling thu nhiet 

Phucmg trinh tdng cdng cua qua trinh phan huy phtic chat K 3 [Fe(G,0 4 ) 3 ].3H 2 0 
nhu sau: 

6K 3 [Fe(C 2 0 4 ) 3 ].3H 2 0 —► 2FeO + 4Fe + 9 K 2 C0 3 + 4C + 14C0 2 T + 

+ 6COt + 6H 2 Ot 

Ket qua phan tfch nhiet cua phtic chat K 3 [Fe(C 2 0 4 ) 3 ].3H 2 0 duqc liet ke b bang 

3.13. 


Bang 3.13. Ket qua phan tfch nhiet cua phurc chat K 3 [Fe(C20 4 ) 3 ].3H 2 0 


Hieu ting 

Nhiet do tach 
ca'u tir, °C 

Du doan ca'u 
tu bitach 

Do giam khd'i luemg, % 

Thuc nghiem 

Lf thuyet 

Hieu ting thu nhiet 

29 + 150 

H 2 0 

10,64 

10,99 

Hieu ting toa nhiet 

200 - 295,7 

C0 2 

10,24 

10,48 

Hieu ting toa nhiet 

295,7 - 345,5 

CM 

O 

u 

13,94 

13,98 

Hieu ting toa nhiet 

345,5 - 512,8 

CO 

8,28 

8,55 

Hieu ting thu nhiet 

512,8 + 650 


3,61 

3,81 


Con dd'i vtiri phurc chat cua Cr(III) va Mn(III) phuong trinh tong cdng cua qua 
trinh phan huy nhiet nhu sau: 

—► M 2 0 3 + 3K 2 C0 3 + C + 4C0 2 T + 4CO t + 3H 2 0 t 

Su phan tfch nhiet cac phiic tactrat cua Mn, Fe, Co, Ni, Cu, Zn hoa tri II trong 
kh6ng khf va trong agon da duorc nghien curu bang cac phuong phap TG, DTG, DTA 

[71]. 

Su phan tfch nhiet phtic chat chura ph6'i ttr 2-naphtoic vdi cac ion da't hiem(III) 
da duorc W. Brzyska va A. Kula nghien cun. Cac tac gia da de nghi, dd'i vai phirc chat 
cua La(III), su phan huy nhiet dSu tien tao thanh mud'i cacbonat La 2 (C0 3 ) 3 , sau do 
thanh oxit La 2 0 3 . Con dd'i vdi phirc chat cua cac ion da't hiem khac, su phan huy true 
tie'p thanh cac oxit cua kim loai tuong ung khong qua giai doan tao thanh mud'i 
cacbonat. 

Dua trdn gian d6 phan tfch nhiet cac phirc chat cua ion da't hiem(III) chira 
dibenzeoylmetanat (DMB) va o-phenantrolin (Phen) trong khdng khf, tac gia [72] de 
nghi rang, su tach Phen va phan huy DBM xay ra gdn nhu lien nhau, san pham cud'i 
cimg la oxit hoac mud'i cacbonat cua ion da't hie'm tuong ung. Ke't qua phan tfch nhiet 
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cac phurc chat nghidn ciru dircrc list k6 6 bang 3.14. 


Bang 3.14. K€t qua phan ti'ch nhiet mdt s6 phurc chat 
ion da't hiem (III) vdi DBM va Phen 


Phurc chat 

Nhiet do tach 

ca'u tu, (°C) 

Du doan cau tir bi tach 

(s6 mol ca'u tu/mol 
phurc) 

D6 giam kh6i luang (%) 

Li thuyet 

Thuc 

nghiSm 


190 - 300 

Phen 

18,2 

17,0 

La(DBM) 3 

300 - 440 

3 C 8 H 6 0 2 

31,0 

31,5 

Phen 

440 - 550 

19,5 C0 2 + 7,5 H 2 0 

27,6 

29,5 


550 - 700 

1,5 C0 2 

6,7 

4,0 



Con lai (oxit) 

16,5 

18,0 


200 - 340 

Phen + C g H 6 0 2 

28,4 

28,0 

Nd(DBM) 3 

340 - 460 

2 C 8 H 6 0 2 

20,5 

20,0 

Phen 

460 - 550 

19,5 C0 2 + 7,5 H 2 0 

27,5 

30,0 


550 - 650 

1,5 C0 2 

6,6 

4,0 



Con lai (oxit) 

17,0 

18,0 


180 - 315 

Phen + C 8 H 6 0 2 

27,8 

28,0 

Er(DBM) 3 

315-400 

2 C 8 H 6 0 2 

20,1 

23,0 


400 - 650 

21 C0 2 + 7,5 H 2 0 

33,4 

31,5 



Con lai (oxit) 

18,8 

17,5 


200 - 429 

Phen + C 8 H 6 0 2 

51,8 

54,9 

Y(DBM) 3 Phen 

• 429 - 600 

19,5 C0 2 + 7,5 H 2 0 

29,1 

29,2 



Con lai (cacbonat) 

19,1 

15,8 


Cac tac gia tren de nghi rang phan urng phan huy nhiet cua cac phurc chat co 
the xay ra theo so do sau: 

f 

Ln(DBM) 3 Phen —► Ln(DBM) 3 + PhenT 
Ln(DBM)j + 3 0; —U- Ln(C 6 H 5 COO) 3 + 3 C,H 4 0;t 

L'n(C 6 H 5 COO), + |o ; ^L’n 3 0j + 21 C0 3 1 + —H ; 0 t 

L”n(C 6 H s COO) 3 + ^O; -U lL”n 3 (C0 3 ) 3 + ^C0 2 1 + -^H 2 01 
2 2 2 2 

o day Ln la La, Er va Y, L’n la Er, L” la La, Nd va Y. 
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Sau do ddi vdi La vh Nd mudi cacbonat lai bi phan huy thanh oxit: 

i-Ln 2 (C0 3 ), -£+. jLn 2 0,+ 4c0 2 T 


Tac gia [73, 74] da nghidn curu gian do phan tich nhidt cac phurc chat cua mot 
sd nguydn td da't hidm vdi L-phenylamine (HPhe) loai H 3 [Ln(Phe) 3 (NO) 3 ].nH 2 0 
(6 day Ln la La, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Lu; Phe la gdc 
C 6 H 5 -CH 2 -CH(NH 2 )-COO _ ). Cac gian do phan tich nhiet cua cac phurc chat co dang 
gidng nhau. Trdn cac gian do deu xua't hien hieu urng thu nhiet 6 khoang 84 -r 115"C 
va 2 hidu ling toa nhiet. Hieu urng toa nhiet thur nha't d khoang 164 -r 185°C, hieu ling 
toa nhiet thur hai d khoang 447 -5- 484°C. Dua vao do giam khdi luong trdn dubng 
TGA, tac gia de nghi hidu urng thu nhiet tuong urng vdi su tach 2 phan tur nude ket 
tinh tir phurc chat cua lantan va tach 3 phan tir nude ket tinh tir phurc chat cua cac 
nguyen td dat hiem khac. Hidu ung toa nhiet thur nha't lidn quan den qua trinh phdi tu 
nitrat bi phan huy thanh hdn hop N0 2 va 0 2 bay di. Hieu urng toa nhiet thu hai tuong 
ung vdi qua trinh phan huy cudi ciing cua phurc chat: phen bi tach ra va bi ddt chay, 
pha ran con lai la oxit da't hiem. 

Qua mdt sd vi du tren ta thdy, cac phurc chat cua kim loai chuyen tiep ho d va 
ho f vdi cac phdi tu huu co trong thanh phdn co chura oxi nhu gdc axit, xeton... khi 
phan huy bdi nhiet thudng tao ra mdt sd trong cac san ph^m sau: cabonat kim loai, 
oxit kim loai, kim loai, C, CO, C 2 H 4 , H 2 , H 2 0, C0 2 . 

Muc 3.3.4 da cho tha'y khi phan huy nhiet, cac phurc chat monoamin loai 
(AmH)[PtX 3 Am] d^u tien bi tach HX kem theo chuyen vi Andexen. Cac phurc chat 
monoamin loai K[PtX 3 Am] bi phan huy nhiet theo mot each khac han (bang 3.15) [75]. 


Tren gian do nhiet cua cac phurc chat PI, P2, P3, P5, P7 deu quan sat tha'y hieu 
dng toa nhiet d khoang nhiet do 175 + 260°C khong kem theo su giam khdi luong 
cua mau, ddi vdi cac phurc chat P4 va P7 khong thay xua't hien hieu urng toa nhiet nay 
(bang 3.15). 


De giai thfch nguyen nhan xua't hien hieu urng toa nhiet tren chung toi [75] da 
nung cac mSu phurc chat khan d nhiet do cua hieu urng trong vong nhieu gib. Khi do, 
mau cua cac phde chat deu bien doi, tir mau da cam thanh den, nhung khdi luong cua 
cac mau thi khong doi. Tien hanh ghi gian do nhi6u xa tia X cho thay, ddi vdi cac 
phire chat PI, P2, P3, san ph^m thu duqc gom Pt, KC1, K 2 [PtCl 6 ], [R(NH 3 ) 2 C1 2 ], ddi 
vdi phire chat P5 - gdm Pt, KBr, K 2 [PtBr 6 ] va [Pt(NH 3 ) 2 Br 2 ], ddi vdi phde chat P7 - 
g6m Pt, KBr, K 2 [PtBr 6 ] va [Pt(Py) 2 Br 2 ]. Nhu vay hieu urng toa nhiet khong kem theo 
su giam khdi luong cua cac phire tren la do phan umg tu oxi hoa khu ma trong do 
khong co san ph^m nao bi tach khdi pha ran nhu sau: 


4 K[PtAmX 3 ] —► Pt + K 2 [PtX 6 ] + 2 KBr + 2 [Pt(Am) 2 X 2 ] 
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Bang 3.15. K£t qua phan tfch nhiet c£c phtic chat K[PtAmX, ].n H 2 Q 


Phirc chat 

Kf 

hifeu 

HiSu umg dehidrat h6a 

Hieu umg 
khOng 
kfcm su 
giam kh6i 
luong, °C 

Hieu ung tich (lAm+lX) 

Nhiet 

dO, °C 

DO gi&m khtfi 
luong (Am, %) 

Nhiet 

d6, °C 

DC giam kh6i 
luong (Am. %) 

Thuc 

nghiem 

Li 

thuyfit 

Thuc 

nghifcm 

Li 

thuyft 

K[Pt(NH,)CI 3 ] 

PI 




253-1-260 

300-340 

14.38 

14,67 

K[Pt(CH,NH 2 )Cl,] 

P2 




195+205 

205+275 

18.40 

17,90 

K[Pt(C 2 H 5 NH 2 )Cl 3 ]. 

H 2 0 

P3 

60+100 

4,06 

4,46 

175+190 

190+302 

21,89 

19,95 

K[Pt(C 6 H 5 NH 2 )Cl,]. 

H 2 0 

P4 

70+105 

2,98 

3,99 

- 

260+341 

27.47 

28.46 

K[Pt(NH,)Br,].H 2 0 

P5 

70+110 

3,02 

3,54 

208+218 

270+480 

19,95 

19,05 

K[Pt(Py)Cl, 

P6 




- 

278+320 

24,95 

27,29 

K[Pt(Py)Br, 

P7 




248+253 

253+320 

28,18 

28.75 


Tiep theo tren gian d6 phan rich nhiet cua tat ca cac phtic chat tir PI d£n P7 d6u 
xua't hien hieu ting thu nhiet kem theo sir giam khoi luong cua mau. K£t qua phan 
tich nhieu xa tia X cho tha'y, doi vdi phtic chat loai K[Pt(Am)CI 3 ], trong san pham 
phan huy chtia cac chat: Pt, KC1, K 2 [PtCl 6 ]; ddi vtii phtic chat loai K[Pt(Am)Br,] - 
chtia cac chat: Pt, KBr, K 2 [PtBr 6 ]. Nhu vay doi vtii cac phtic chat PI, P2, P3, P5, P7, 
hieu ting thu nhiet nay lien quan den su tach toan bd phdi tti Am va X 2 ra khoi phtic 
chat dihalogenodiaminplatin (II): 

[Pt(Am) 2 X 2 ] —^Pt + 2Amt + X 2 T 

Nhu vay phucmg trinh t6ng cdng cac qua trinh phan huy cua phtic chat PI, P2, 
P3, P5, P7 nhu sau: 

4 K[PtAmX 3 ] —^ 3 Pt + K 2 [PtX 6 ] + 2 KX + 4 Amt + 2 X 2 t 

Con dd'i vdi phtic chat P4 va P6 qua trinh tu oxi hoa - khu va qua trinh tach 
Am, X 2 ra khoi phtic chat xay ra dong thcri. Do do, su phan huy nhiet cua 2 phtic chat 
tren xay ra theo phucmg trinh giong nhu ohuong trinh tong cong cac qua trinh phan 
huy cua phtic chat PI, P2, P3, P5, P7, nen tren gian d6 nhiet khdng tha'y co hieu ting 
toa nhiet khong kem theo su giam khoi lucmg. 

Tren gian d6 nhiet cua tat ca cac phtic chat den 600°C khdng xua't hien them 
hieu ting va khoi luong cua mau khong bi thay d6i. 

Nhung dieu trinh bay tren day cho tha'y phucmg phap phan rich nhiet khdng 
nhung giup xac djnh thanh phdn ma con cho biet nhieu thong tin ve ca'u tao va rinh 
chat cua phtic chat. 
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Chirang 4 

PHITONG PHAP PHO HAP THU ELECTRON 


4.1. BCTC XA VA sir hAp THU BCTC XA 

4.1.1. Bure xa dien tir 

Buc xa dien tir duqc dac trung bdi bade song k (quang dudng ma no di duqc 
sau m6i dao ddng d^y du), hoac tan so v (so dao dong trong mot giay). Chung lien 
he vdi nhau bdi bieu thuc sau: 

vl = c (4.1) 

c la toe do anh sang (trong chan khong c = 2,99.10"’ cm/s) 


D6 tranh phai dung nhirng so rat 16n chi tan so, ngudi ta sir dung so song v (la 
so dao d6ng tren 1 cm): 


_ 1 v 

V ~ X ~ c 


Nang luong e cua luqng tur ti le vdi tan so v va duqc tinh nhu sau: 

6 = hv = hcv = 


(4-2) 


(4.3) 


h la hang so Plank (M.Planck), h = 6,626.10 ,4 J.s. 

Bieu thuc (4.3) cho thay nang litong cua bite xa ti le thuan vdi tan so va so 
song, ti le nghich vdi bi(dc song (hinh 4.1). 


10 2 10 1 10° 10 1 10- 2 10' 3 10 -4 10' 5 10-® 10- 7 10-® X.cm 


' I_i_1,!!1_I 


(m) 

(cm) 

(vtp) 


(nm) ( X) 

Song 

Song cut ngan 

Hong ngoai ; Kha 

Tir ngoai 

Tia 

radio 

(vi song) 

„ ! ; kien 

Xa ! Gan 

Gan; Xa! 

Ronghen 


\ - 1 -!- 1 - 1 - 1 - 1 - 1 - 1 - " I-► 

10‘2 10- 1 10° 10 1 10 2 1 0 3 1 0 4 1 0 5 1 0 6 1 0 7 1 0 s V.cm 1 


10 -4 10' 3 10' 2 10 1 10 2 10 3 10 4 Nang lifpng, kJ/mol 

Hinh 4.1. Buc xa dien tir, bude song, so song va nang luqng tuong ung. 
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Bure xa dien tir bao gom cac song didn tir co bude song bid'n d6i trong khoang 
rat rong: tir co met d song radio, dd'n co A (10~ 8 cm) 6 tia Ronghen hoac nho hon nQa. 
Toan bo dai song do dupe chia thanh cac vung pho khac nhau (hinh 4.1). Mat ngudi 
chi cam nhan duoc mot vung phd dien tir ra't hep. do la vung kha kid'n (nhin tha'y) bao 
gom cac buc xa co buoc song 396 760 nm (thudng la'y tron la 400 -5- 800 nm). 

4.1.2. Dinh luat hap thu burc xa 

Theo thuyet song, cudng do cua buc xa ti le vdi bien do song. Khi burc xa 
truyen qua moi trudng khong trong suol (doi voi no) thi no bi ha'p thu mdt phan. bien 
do song bi giam di, ta noi cudng do cua buc xa giam. Theo thuyd't hat, cudng d6 burc 
xa duoc xac dinh bbi s6 hat photon. Chum tia buc xa manh (cudng d6 ldn) thi ung 
voi dong photon day dac. Khi buc xa di qua chat hap thu thi mot s6 hat photon bi giu 
lai, mat do dong photon bi giam di, tia burc xa di qua se co cudng dd nho di. Sir hap 
thu lam giam cudng do cua buc xa nhung khdng lam giam tan s6 cua no (hinh 4.2a). 



a) 


t» 


Hinh 4.2. a- Hap thu lam giam bien do song nhung khdng lam thay d6i bude song; 
b- Tia tdi I,„ ldp chat ha'p thu voi b6 day /, tia 16 I. 


Khi mot chum tia don sac, song song, co cudng do I () , chid'u thang goc ldn bd 
day / cua mot moi trudng ha'p thu, thi sau khi di qua ldp chat hap thu nay, cudng dd 
cua no giam con I (hinh 4.2b). Thuc nghiem cho thay rang sir lien he gifla I Q va I 
duoc bieu didn bdi phuong trinh sau: 


lg^- = e/C 


(4.4) 


Dai luong lg~- duoc goi la do hap thu, kf hieu la A (A = lg-y-); hoac con,gpi 
la mat do quang, kf hieu la ^ (5) = A = lg-^-). 


/: la chidu day cua ldp chat hap thu, tfnh bang cm. 

C: la nong do chat hap thu, tfnh ra mol// 

e: he so hap thu mol, dac trung cho cudng do hap thu cua chat hap thu. 

Phuong trinh (4.4) chfnh la bieu thuc toan hoc cua dinh luat ha'p thu buc xa 
mang ten Lambe-Bia, no cho tha'y do ha'p thu A (turc mat do quang 5i) ti le thuan vdi 
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chi6u day, nong dd va he s 6 hap thu mol cua chat hap thu. 

Tir phuong trinh 4.4 ta thay rang 8 co gia tri bang mat do quang cua dung dich 
khi n6ng do chat ha'p thu bang don vj (C = 1 mol//) va be day cua lop chat hap thu 
cung bang don vj (/ = 1 cm). Nhu the 8 co thu nguyen la //mol.cm (1000 cm 2 /mol). 
Nhung theo thoi quen, nguoi ta thufrng ghi cac tri so cua e ma khong ghi thu nguyen 
cua no. Khac vdi mat do quang 5>, he so hap thu mol e khong phu thuoc vao nong do 
va be day cua lop chat hap thu ma chi phu thuoc vao ban chat chat hap thu va bi(dc 
song cua hire xa bi hap thu. Do do 8 dac trung cho cuong do hap thu buc xa cua chat 
duqc khao sat. Khi 8 lcm ta noi chat hap thu manh (cuong do hap thu Ion), nguqc lai 
khi 8 nho - chat hap thu yeu (cufrng do hap thu nho). Trong nhieu trucmg hop 8 co 
gia trj vao c5 10 2 - 10 6 , vi vay de tien bieu dien nguoi ta dung lge thay cho e. 


Cuong do hap thu cua mot chat thay doi theo bucrc song cua buc xa chieu vao 
no. Ducmg cong bieu dien sir phu thuoc cua cuong do hap thu theo gia tri cua bucrc 
song (hoac tan so, hoac so song) goi la pho hap thu. Pho hap thu tir ngoai - kha kien 
thubng duqc noi gon la pho ti( ngoai - kha kien va viet tat la pho UV-Vis (Ultra 
Violet - Visible). 


4.1.3. Chuyen mure electron va quy t^c chon loc 

Neu phan tu o trang thai electron co ban ij/ 0 gap buc xa t3n so v thich hop (tir 
ngoai hoac kha kien), no co the hap thu buc xa va chuyen len trang thai electron kich 
thich vj/,. Tir trang thai kich thich, nher phat xa nglu nhien hoac cuong buc hay bang 
each truy6n nang luqng cho chuyen dong nhiet... (khong phat xa), phan tu se tro v6 
trang thai electron co ban (hinh 4.3). 

Cac obitan co lien quan tdi chuyen muc 
electron thudng la obitan bj chiem cao nhat 
(HOMO) va obitan khong bi chiem thap 
nhat (LUMO). Nhu vay nguyen nhan lam 
phat sinh ph6 ha'p thu tir ngoai - kha kien la 
sir chuyen electron tir mire nang luqng thap 
len muc cao hon. Chinh vi vay, pho hap thu 
tu ngoai - kha kien con duqc goi la pho hap 
thu electron hoac gon hon la pho electron. 

Co mot so nguyen nhan dan den 
nhung van ha'p thu tu ngoai - kha kie'n b cac phuc chat. Thu nha't, co the co chuyen 
mice kem chuyen dien tich vdi si/ chuyen electron tic phoi tit tdi ion trung tam hoac 
ngicoc lai. Thu hai, d cac kim loai chuyen tiep co chuyen mire d - d (chuyen muc giua 
cac phan mtic d bi tach ra bbi trubng phoi tu). Thu ba, co nhung chuyen mite electron 
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Hinh 4.3. Su chuyen trang thai electron 
AE = E(i|/|) - E(h/ 2 ) = hv. 
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thuoc cac nhom mang mau a phoi tit. Ngoai ra con c3n liru y d6'n su ha'p thu cua ion 
cdu ngoai neu no the hien d vung ph6 nghien curu. Bdi vi ciu ngoai thudng la cac ion 
vo co don gian, do do d muc nay chu yeu xem xet su ha'p thu hue xa tu ngoai-kha 
kien cua cau noi. 

Theo tmh toan li thuyet, cudng do ha'p thu ung vdi m6i chuyen mure electron 
dupe bieu di6n bdi cong thuc sau: 

e = 0,87.10 2n .P.a 

d day P la xac suat chuyen (nhan gia tri tu 0 den 1), a la dien tich hung buc xa 
cua he hap thu. He ha'p thu 6 day dupe hieu la phan phan tu lanh trach nhiem ha'p thu 
buc xa tuc la nhom mang mau (chromophore). Mot crompho (chromophore) thPng 
thudng co chieu dai 10 A va neu xac suat chuyen la 1 se co £ vao co 10 s . Do la gia tri 
e cao nhat doi vdi cac cromopho trung blnh, con doi v6i cac crompho dai hon thi gia 
tri £ co the vupt qua 10 5 . Trong thuc te nhung chuyen muc dupe phep luPn co e 16n 
hon 10 4 , con cac chuyen miic co xac suat thap (chuyen miic bj ca'm) thuemg co e dudi 
10 s . Cong thuc tren cung cho thay cromopho cang dai thi cucrng do hap thu cang 16n. 

Co nhieu yeu to anh huong den xac sua't chuyen. Trudc het co cac qui tdc chon 
loc ma theo do chuyen muc hoac la dupe phep (xac sua't chuyen bang 1) hoac la bi 
cam (xac suat bang khong). Doi vdi pho dao dong (pho hong ngoai hoac ph6 khu^ch 
tan t6 hop) cac qui tac chon loc la tuong doi don gian (xem muc 5.1). Doi vdi cac 
chuyen mdc electron, cac qui tac chon loc la phurc tap hon nhieu vi chung la ham cua 
tmh doi xufng va do boi cua ca trang thai co ban va ca trang thai kich thich. Ta se khong 
di sau vao viec thiet lap cac qui tac chon loc, ma chi neu tom tat noi dung cua chung. 

1. Tat ca cac ham song trong phan tu deu dupe phan thanh chan (ki hieu la g) 
hoac le (ki hieu la u). Doi vdi cac phan tir co tarn doi xting, cac chuyen muc g - u 
hoac u - g la dupe phep, con cac chuyen muc g —> g, u —> u la bj ca'm. Qui tac nay 
goi la qui tac chon loc theo tmh chan le. 

2. Chuyen mure giCra cac trang thai co do boi khac nhau la bi ca'm. Chang han 
chuyen mdc singlet —> triplet la bi cam do dp boi. Chuyen mde bi cam do dp boi co e 
khong vupt qua 1. 

3. Chuyen mdc a cac phan tu khong co tarn doi xung thi phu thuoc vao tmh dPi 
xung cua trang thai dau va trang thai cuoi. 

Thtrdng thi cac van pho vdi £ nho hon 10 s la ket qua cua cac chuyen mdc bi 
ca'm theo cac mo hinh dan gian nhung lai xay ra dupe do phan tu thuc la khac vdi mo 
hinh dan gian ma ta xay dung cho no. Vi du chuyen mdc n —» n doi vdi nhom 
cacbonyl la bi cam nhung van the hien d gan 300 nm vdi £ td 10‘ - 10 2 . Chuyen mdc 
thuoc he electron n cua nhan benzen d 254 nm la bi cam (£ khoang 200). Chuyen 
mdc d - d d [Ni(H 2 0) fi ] 2+ la bi ca'm theo tinh chan le (e ~ 20). 
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4.2. GHIVA BIliU DI§N PH<5 TCr NGOAI - KHA KI^N 
4.2.1. Ghi pho tu ngoai - kha kien (UV - Vis) 
a. May pho UV - Vis 

So d6 nguyen If cua mot may ghi pho UV - Vis dupe trinh bay a hinh 4.4. 
Nhung bo phan chu yeu cua may pho UV - Vis la: (1) - Ngu6n phat buc xa (tCr 
ngoai: den D 2 , kha kien: den W/I 2 ); (2) - Bo tao don sac co nhiem vu tach rieng timg 
dai song hep (don sac); (3) - Bp phan chia chum sang se huPng chum tia don sac di 
tPi cuvet dung dung dich mau (4) va cuvet dung dung m6i (5); (6) - Bo phan phan 
tfch (detector) se so sanh cuPng dp chum sang di qua dung dich (I) va di qua dung 
m6i (I„). 6 do tin hieu quang duoc chuyen thanh tin hieu dien. Sau khi khuech dai thi 

dupe chuyen den may tfnh (7) d6 ghi lai duong cong su phu thuoc cua lg-p- vao X. 


(4) 



Hinh 4.4. So do nguyen If may pho ttr ngoai - kha kien: 

1- nguon sang; 2- bp phan tao don sac; 3- bp phan chia chum sang; 

4- cuvet chura dung dich; 5- cuvet chira dung moi; 6- detector; 7- computer. 


Chi co cac may pho dac biet mdi do dupe o vung tu ngoai xa (X < 200 nm). Cac 
may pho UV - Vis thong thucmg deu ghi pho trong vung tu ngoai gan va vung kha 
kien (X tu 200 - 800 nm), mot so may co the do tori ca vung hong ngoai gan tori X = 
1000 nm. Hinh 4.6a gidi thieu mot pho UV-Vis do may pho ghi. 

b. Dung moi dung do pho tu: ngoai ■ kha kien 


Dung moi dung de do pho UV - Vis phai khong hap thu cr vung can do. De 
nghien cuu vung tu ngoai gan ngudi ta dung cac dung moi nhu n-hexan, xiclohexan, 
metanol, etanol, nude la nhung chat chi ha'p thu o vung tu ngoai xa. Khi chi quan tarn 
den su hap thu a vung kha kien thi ngoai cac dung moi ke tren co the dung mot trong 
cac dung moi khong mau bat ki nhu clorofom, dioxan, benzen. Dung moi dung de do 
pho UV-Vis can dupe tinh che mot each can than vi mot lupng rat nho cua tap chat 
trong do cung lam sai lech ket qua nghien cuu. DuPi day dan ra gia tri bude song toi 
thieu co the su dung dupe doi voi mot so dung moi thong thucmg khi do trong cuvet 
1 cm. 
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D. m6i CH,CN H 2 0 QH I2 C 5 H I4 CH,OH C,H,OH (C,H,)jO CH 2 C1 : CHC1, CQ 4 

A. (min) 190 191 195 201 203 204 215 220 237 257 

Ngircfi ta cung c6 the’ do pho UV - Vis cua cac chat d trang thai long nguy£n 
chat hoac d the khi. Doi vdi cac muoi vo ca phan li trong dung djeh thi phd thu dupe 
la ph6 cua cac ion solvat hoa. De co dupe thong tin vP cac ion khdng solvat hoa 
ngudi ta do pho cua chung d dang ran: hoac dung cac don tinh the’, hoac dung each 
ep vien vdi KC1 hoac NaCl, hoac do 6 dang huyPn phu. 

c. Cach chuan bi dung dich de do pho tu ngoai - kha kien 

Thong thudng mlu dupe do d dang dung dich. Chi eSn vai ml dung djeh vdi 
nong dp thich hop la du. Dp nhay cua phep do rat cao vi vay mlu can phai can vdi dp 
chinh xac 0,1 mg, dung binh dinh mdc va pipet khi pha dung dich. Dung dich can 
phai co nong do sao cho do ha'p thu (A) cua no vao khoang 0,7 - 1,5, tuc la roi vao 
vimg nhay cam cao cua may pho. Can cir vao gia tri e thong thudng cua chuyen miic 
electron can nghien cuu (xem cac muc 4.3, 4.4, 4.5), dua vao cong thurc (4.4) ta tinh 
dupe nong dp can co cua dung dich khi do. 

Thi du 1: Chuyen muc co e vao khoang 10 , vdi cuvet co / = 1 cm, d£ co thS 
thu dupe gia tri dp ha'p thu A vao khoang 1, thi nong dp thich hop cua dung dich khi 
do can phai vao khoang 10 mol//. Doi vdi cac trudng hop ma e ^ 2, ngudi ta thudng 
can vai chuc mg chat nghien cuu va pha trong binh dinh muc 5 hoac 10 ml lam dung 
dich goc. Neu gia tri A do dupe qua xa khoang 0,7 - 1,5, can dieu chinh n6ng dp cho 
tbich hop. 

Thi du 2: Chuyen mdc co 8 vao khoang 10 4 , vdi cuvet co / = 1 cm, de co thfi 
thu dupe gia tri dp ha'p thu A vao khoang 1, thi nong dp thich hop cua dung dich khi 
do can vao khoang 10‘ 4 mol//. Trong trudng hop nay, ngudi ta thudng can khoang 2 - 
4 mg mau (tuy theo phan tu khoi cua chat nghien curu) va pha trong binh dinh muc 
25 ml lam dung djeh goc. Dung pipet lay 1 ml dung dich goc cho vao binh dinh mdc 
10 ml, them dung moi den vach muc, lac deu roi do. Neu gia trj A do dupe qua xa 
khoang 0,7 - 1,5, thi tu dung dich goc, pha thanh dung djeh khac sao cho co n6ng dp 
thich hop. 

Trong thuc te, pho cua phifc chat thudng gom nhieu van ha'p thu ung vdi cac 
chuyen mire co 8 khac xa nhau. Vi vay de thu dupe pho umg vdi chuyen muc d-d cin 
do vdi dung dich co nong dp ldn, con de thu dupe pho dng vdi cac chuyen mire khac 
thi do vdi dung djeh co ndng dp nho hern (xem muc 4.2.2). 

d. He thong LC -UV 

Khi noi ghep may pho tu ngoai - kha kien (UV-Vis) vdi may sac ki long (LC) 
ngtidi ta dupe mot he thong goi la LC-UV (sic ki long - tu ngoai). He thd'ng LC-UV 
rat hum hieu trong viec phan tich nhanh cac hdn hop chua nhieu ca'u ttr vdi ham lupng 
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nho kh6 phan ti'ch bang cac phuang phap khac. Bang each sir dung cac cot sac ki va 
c£c dung mdi rua giai thfch hop, phuang phap LC-UV cho ta biet mlu nghien cdu la 
chat sach hay la h6n hap, h6n hap g6m may hop phan, ham lugng tuong doi va phd 
UV-Vis cua tirng hop phan d6. Thi du, sac ki do a hinh 4.5 cho tha'y hap phan chfnh 
(then gian luu 1,387 phut) chidm 97,5%, con tap chat (0,916 phut) chiem 2,5% trong mau. 


V 

LA 


Pt(Mor)(C 9 H 7 N)Cl 2 



it 

-T- 

i 


4 

-1-1— 

• « 

min 

Peak 

RT 

Type 

width 

Area 

Height 

Area 

It 

i 

[min] 


[min] 
_| 

[mAU*s] 

[mAU] 

. | . | 

% 

-| - 

1 

__ ( 

0.916 

! 1 

BV 

0.091 

28.29315 

4.35828 

2.5114 

2 

1.387 

W 

0.066 

1098.29407 

239.83740 

97.4886 


Hinh 4.5. Sac do LC-UV cua mau phuc chat dicloro(morpholin)(quinolin)platin(II). 


4.2.2. Bieu didn pho tu ngoai - kha kien 

May pho UV-Vis ghi cho ta pho UV-Vis dudi dang sir phu thuoc cua do hap 

thu A (tire la lg~-) vao bude song X, tire la dudng cong A = f(A.), nhu a hinh 4.6a. 

Vi A phu thuoc vao ndng do va chidu day cua lorp chat ha'p thu (bidu thtic (4)) nen dd 
dac trung cho mot cha't ngudi ta dung gia tri s (hoac lgs) va bidu didn pho dudi dang 
su phu thuoc cua £ hoac lgs vao X: dudng cong e = f(X.) hoac lgs = f(A.). Ndu bieu 
didn phd dudi dang A = f(X) thi eSn phai ghi ro ndng do, con neu bieu didn pho dudi 
dang e = f(X) hoac lg£ = f(A.) thi khdng c^n ghi ndng do vi no da dugc quy chudn. 
Thay cho X ngudi ta co the dung sd' song (v tinh ra cm -1 ). Khi bieu didn phd UV-Vis 
bang cac each khac nhau thi dang dudng cong thu dugc trong co khac nhau chut it 
(hinh 4.6) nhung nhung dac trung co ban cua phd thi khdng thay doi. 
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Hinh 4.6. Ph6 tCr ngoai - kha kien (UV-Vis) cua K[Pt(Pip)Cl,]: 
a- dang A = f(X) do may ghi; b- dang lge = 

6 pho cua kali tricloro(piperidin)platinat(II) (hinh 4.6) ta thay co 4 vung hip 
thu manh goi la 4 van hap thu: Van thur nhat co mot cue dai (goi la dinh pho) a 242 
nm; van thu hai, thu ba va thu tu co cac dinh ph6 lan lucrt a 300, 345, va 414 nm, 
trong do van 6 242 nm co cucmg do hap thu manh hon han cac van khac. D6 dam bao 
do chinh xac cao, cac cue dai hap thu can roi vao vung nhay cam cao cua may ph6 
(A = 0,7 - 1,5). Vi vay.doi voi kali tricloro(piperidin)platinat(II), chung toi da ghi ph6 
a n6ng do 20,8 mg trong 5 ml H 2 0, khi do thu duoc pho nhu 6 hinh 4.6a. Sau do pha 
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loang ga'p 40 lin d i do chuan xac vung 200 - 330 nm, thi nhan thay con co them van 
ha'p thu o 210 nm vdi lge = 4,025. 

Khi md ta mdt van pho can phai ndu ba d.ac trung cua no la: Vi tri van pho ghi 
bang gia tri X a dinh pho cao nhat goi la A. max ; Cucmg do van pho ghi bang gia tri e 
hoac Ige tai gia tri X max ; Hinh dang van pho ghi r5 van gon, doi xung hay khong, co 
mdt hay nhi6u dinh pho (xem hinh 4.6b, muc 4.3.3), vai pho (phan pho nho len 
nhirng chira thanh cue dai, xem hinh 4.6a). Thi du, pho cua kali tricloro(piperidin)- 
platinat(II) a hinh 4.6b duoc mo ta nhu sau: Pho gom 4 van hap thu, van thu nhat co 
A. max = 242 nm, lge = 4,02, viet gon la 242/4,02, van thur hai co X W!i% = 300 nm, lge = 
2>29, vi£t gon la 300/2,29, van thu ba co X wax = 345 nm, lgs = 1,92, viet gon la 
345/1,92, van thu tu co X max = 414 nm, lge = 1,54, viet gon la 414/1,54. 

4.2.3. Cac thuat ngur thubr.g dung 

De mo ta pho UV-Vis ngucti ta dung cac thuat ngu nhu van hap thu (co tai lieu 
goi la dai hoac bang ha'p thu), dinh pho, vai pho, A max va e max nhu da trinh bay o tren. 

De mo ta nhung thay doi cua cac van pho do anh huong cua cac yeu to' cau true 
hoac moi truemg, ngucti ta thuemg su dung cac thuat ngu sau: 

Hieu ling tham mau (bathochromic effect) hay chuyen dich do (red shift), la su 
chuyen dich cue dai ha'p thu ve phia bude song dai hon (lam tang ^. max ). 

Hieu ling nhot mau (hypsochromic effect) hay chuyen dich xanh (blue shift), la 
su chuyen dich circ dai hap thu ve bude song ngin hon (lam giam X max ). 

Hieu ling dam mau (hyperchromic effect), la hieu ung lam tang cucmg do hap 
thu (tang e). 

Hieu ling nhat mau (hypochromic effect), la hieu umg lam giam cucmg d6 hap 
thu (giam e). 

Nhom mang mau (chromophore), dung de chi nhom nguyen tu co chira electron 
lanh trach nhiem ha'p thu buc xa trong truemg hop dang xet. Thi du: metan hap thu 
cue dai d 125 nm la do chuyen mure electron a (a -> a‘) a lien ket C-H. Trong 
truemg hop nay, ngucri ta goi nhom C-H la nhom mang mau; benzen co ba van hap 
thu or 184, 204 va 254 nm deu do su chuyen mure cua cac electron 7t (n -» 7i*). Trong 
truemg hop nay, ta co nhom mang mau kieu benzen. 

4.3. PH6 CHUYEN d-d [84, 85, 86] 

4.3.1. Pho d-d va thuyet truong phoi tu 

Ban chat cua cac chuyen muc electron gay nen mau sac da dang o ion cac kim 
loai chuyen tid'p va phuc chat cua chung duoc giai thich mot each thoa dang nho 
thuy6't truong tinh the’ va thuyet phat trien tiep theo no lit thuyet truemg phoi tu. Bang 
dudi day cho tha'y trong dung dich nude, cac ion ki r. >oai khdng co electron d hoac 
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vdi so electron d toi da (ldp d da dupe didn day du) ddu khdng co mau, cac ion vdi 
ldrp d dien mot nua (d*) co mau rat nhat, con cac ion vdi ldp d chua bao h6a thi d£u 
co mau ro ret. 


Bang 4.1. Mau cua mot so ion kim loai chuydn tidp trong dung djch nude 


Tong so electron d 

So electron d chua 
ghep doi 

Ion kim loai 

Mau sac 

0 

0 

K\ Ca 2+ , Sc 3+ 

Khdng mau 

1 

1 

Ti 3 * 

Tim do 

2 

2 

V 3+ 

Xanh la cay 

3 

3 

Cr 3+ 

Tim 

4 

4 

Cr 2+ 

Xanh da trdi 

5 

5 

Mn 2+ 

Hdng rat nhat 



Fe 3+ 

Tim ra't nhat 

6 

4 

Fe 2+ 

Xanh la cay 

7 

7 

Co 2+ 

Hdng 

8 

2 

Ni 2+ 

Xanh la 

9 

1 

Cu 2+ 

Xanh da trdi 

10 

0 

Cu + , Zn 2+ , Ga 3+ 

Khdng mau 


That v$y dung dich cac muoi kim loai kidm va kiem tho (khdng co electron d) 
ddu khong mau. Dung dich cac ion vdi 10 electron d da cap doi nhu Cu\ Ag\ Zn 2+ , 
Hg 2+ , Ga 3+ ... cung deu khdng co mau. Trong khi do dung dich cac ion co chua 1 hoac 
nhidu electron d khdng cap doi nhu Cu 2+ , Ni 2 \ Co 2+ , Cr 3+ ... va nha't la cac phuc chat 
cua chung thi luon co mau sac ra't phong phu. 

6 muc nay chi neu nhung khfa canh cua thuyet trudng tinh thd va thuy^t 
trudng phoi tu co lien quan den sir ha'p thu buc xa cua cac phuc chat nham tim hi^u 
pho ha'p thu electron va mau sac cua chung. 

Mau sac cua cac ion kim loai chuyen tiep trong dung dich nude thuc chat la 
mau cua cac phuc chat ma phoi tu la cac phan tu H 2 0. 6 bang 4.1 dai bo phan la cac 
phuc chat kieu M[(H 2 0) 6 ] n+ , mot so nho la phuc chat [M(H 2 0) 4 ] n+ . Nguyen nhan dan 
tdi sir ha'p thu d vimg kha kien a phuc chat cac kim loai chuyen tiep chfnh la cac 
chuyen muc electron a ldp d chua bao hoa cua ion trung tarn (chuyen muc d-d). Nhu 
da biet, d cac phan tijr co tarn doi xung nhung chuyen muc chi thay doi su sap xep 
electron trong cung 1 phan ldp la bi cam (qui tac Laport). Nhu the cac chuyen muc 
d-d trong phde bat dien la bi cam. Trong thuc te bude chuyen d-d van quan sat dupe 
la do nhung nguyen nhan sau: 
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1. Co nhi£u ion phiic kh6ng phai la dd'i xiing O h mot each If tuong ma la nhung 
bat dien lech, do do khong con tarn dd'i xdng. 6 cac phde nay e bien doi trong 
khoang 20 - 50. 

2. Cac phuc chat co ddi xung O h , thi trong qua trlnh dao dong co mot thcri diem 
nao do trd thanh bat dien lech do do qui tac Laport kh6ng con tac dung. 6 cac phire 
chat nay cudng do hap thu rat nho, e ~ 5 - 25, chuyen mure goi la dupe phep do tuong 
tac dao dong - electron. 

Trudc he't ta hay xet cac phuc bat dien ca'u hinh d\ chang han phuc cua Mn”. C) 
cac phire nay chuyen muc d-d vira bi ca'm theo qui tac Laport, vira bi ca'm theo do 
boi. Vi the' ne'u khong co sir sai lech doi xirng do dao dong (tuong tac dao dong - 
electron) thi cac phuc do la khong mau. Thuc te' ion [Mn(H 2 0) 6 ]"' chi co mau hong 
ra't nhat, cubng do cac van hap thu 6 vung kha kien rat nho. Doi voi cac phiic tu' dien, 
vi khong co tarn d6i xung nen chung hap thu voi cuomg do ldn: e ~ 100 - 1000. 

6 cac cau hinh d" vdi n khac 5 va khac 10, chuyen muc d-d la dupe phep theo 
do boi va dupe phep do tuong tac dao dong-electron. Duoi day se xem xet cac cau 
hinh do. 

Phan 16p d cua cac ion kim loai la suy bien bac 5. Hinh dang cac obitan d dupe 
mieu ta nhu 6 hinh 4.7. Cue dai cua cac obitan d xy , d IZ , d y/ o huong duemg cheo giua 
2 true toa do, con cue dai cua cac obitan d x 2_ y 2 va d z 2 thi nam doc theo huong cac true 
toa dp. Mac du phan bo co khac nhau nhu the' nhung 5 obitan do deu nam 6 cung mot 
mire nang lupng. 


Q 

© 

Q 


(3 

d 

0 x 

0 

xy 

(3 

d 

0 

yz 


x 


Q 

0 

(3 

C 

0 

0 

zx 


6 

§ 


dx 1 -y 1 



Hinh 4.7. Tiet dien bien cua cac obitan d. 


Thuye't truemg tinh the giai thich dupe mot each don gian viec tach mure nang 
lupng d dua vao tuong tac tinh dien giua cac obitan d cua ion trung tarn vdi cac phoi 
ttr tich dien am (anion hoac phan tu luong cue). Vi du, o ion Ti + tu do (ca'u hinh d 1 ) 
1 electron cua no co the o ca 5 obitan d ma khong co su khac nhau ve mat nang 
lupng. Nhung khi co 6 dien tich am dudi dang anion hoac luong cue phoi trf vdi Ti u 
theo kieu bat dien, turc doc theo cac true x, y va z thi 5 obitan d se chiu tac dung khac 
nhau cua trudng tinh dien. Cac obitan d x 2 _ y 2 , d z 2 do chiu su day tinh dien ldn hon nen 
co nang lupng cao hon so vdi cac obitan dang d xy , d xz , d yz . Nhu the' muc d suy bie'n d 
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ion tu do trong trirdmg bat dien cua phd'i tir da bi tach thanh 2 mure E t (suy bi£n bac 2) 
va T 2g (suy bien b|c 3) nhu mo ta d hinh 4.8a. Hifeu nang luang AE giua 2 mure d6 
dupe ki hieu la A 0 hoac 10 Dq. 

Doi vdi trudng bat dien, ngudi ta dung kf hifiu A 0 (o viet tat cua tir octahedral), 
khi Dq tang thl AE tang. Tang (tg) cua dudng doc E g la + 6 Dq, tang cua dudng ddc 
T 2g la - 4 Dq. Gia tri A 0 (tinh ra cm" 1 ) la'y true tiep tir t^n s6' cua van ha'p thu kha ki£n 
cua phiic chat. Vi du [Ti(H 2 0) 6 ] 1+ ha'p thu cue dai 6 X, max = 500 nm (20000 cm' 1 ), ta 
co A 0 db'i vdi phdi tu H 2 0 la 20000 cm" 1 va Dq la 2000 cm 1 . Nhu vay bude chuyfin 
T 2 , -> E g vdi A 0 = 10 Dq = 20000 cm" 1 da gay nen mau tfm do cua phuc 
[Ti(H 2 0) 6 ] 3+ . Khi thay doi phd'i tu thi gia trj Dq thay d6i din tdi AE thay d6i va mau 
sac cua phtic chat cung bien doi theo. 

Gian do tach mure nang luang dbi vdi cau hinh d y trong trudng bat didn la buc 
tranh nguoc vdi ca'u hinh d 1 (hinh 4.8b) khi do tg cua dudng dd'c T 2g la 4 Dq va cua 
dudng dd'c E g la - 6 Dq. 




Hinh 4.8. Su tach mire nang luang bdi trudng bat dien: 
a- doi vdi ca'u hinh d 1 ; b- doi vdi ca'u hinh d 9 . 


4.3.2. Gian do Orgel va gian do Tanabe-Sugano 

Khao sat chi tie't su tach muc nang luang doi vdi cac ca'u hinh d" bdi trudng bat 
dien va trudng tur dien ngudi ta nhan tha'y rang su tach doi vdi ca'u hinh d 1 la nguoc 
vdi d 9 , doi vdi ca'u hinh d 4 la nguoc vdi d 6 , su tach bdi trudng bat dien (O h ) la nguoc 
vdi trudng tir dien (T d ). Di£u do duoc tom tat tren gian do Orgel trinh bav d hinh 
4.9a. 

Su tach mtic nang lumig theo Dq doi vdi phde chat bat dien d 1 va d 6 va d6i vdi 
phuc chat tir dien d 4 va d dupe bieu diln nhu d nua ben phai cua hinh 4.9a. 6 ph6 
electron cua cac phde chat loai nay chi co 1 van ha'p thu gay ra bdi chuyen muc d-d. 
do la chuyen mire T 2g ^ E g . Phan ben trai cua hinh 4.9a la ph£n gian do doi vdi cac 
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phirc chat bat dien d 4 va d 9 va cac phirc chat tir dien d 1 va d 6 . 6 cac phirc nay cung chi 
co 1 ki£u chuy^n mire d-d la E -> T 2 . 





Hinh 4.9. Gian do Orgel: a- d6'i vdi cac phirc d 1 , d 4 , d 6 , d 9 spin cao; 
b- d6i v6i cac phtic d 2 , d 3 , d 7 , d 8 spin cao; c- d6'i vdi phuc d r spin cao. 

Gian d6 Orgel d6'i vdi cac ca'u hinh d 2 , d 7 , d 3 , d 8 duoc trinh bay a hinh 4.9b. 
Cac ki hieu F va P la chi cac s 6 hang co do boi cao nhat cua ion kim loai tu do vdi 
ca'u hinh d 2 , d 3 , d ? , d 8 khi co ke den tuong tac giCra cac electron. Vi du, d6'i vdi ion kim 
loai co ca'u hinh d 2 hoac d 8 o the khi (Dq = 0) chi co 2 trang thai 3 F va 3 P. Khi Dq tang, 
s6' hang 3 F tach thanh 3 T lg (F), 3 T 2g va 3 A 2g . DO suy bien cua trang thai 3 P khong bi 
thay doi boi trircmg va doi vdti phuc bat dien no bien thanh trang thai triplet 3 T, (P). 
So hang 3 T lg (F) la ung vdi trang thai co ban, con 3 T 2g , 3 A 2g va 3 T lg (P) la ung vdi cac 
trang thai kich thich. 

Chuyen mire d-d 6 phirc chat cung duqc xem xet theo quan diem cua thuy£t 
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MO. Hlnh 4.10 trinh bay gian do MO doi vdi phurc bat difen (khdng kfe dfen cac lifen 
ket 7t). Hifeu nang luong giua mure T 2g va E. la 10 Dq (A). Theo chi£u tang dd bfen 

cua lien ket o kim loai - phoi tu, E g giam, E. tang gidng nhu su tang Dq. Nfeu nhung 

electron T 2g cua kim loai tao lien ket 7t vdi ph6i tu thl mure T 2g trong phurc chit giam, 
con Dq thl tang. Su giua cac electron T 2g va cac electron khdng lifen kfet cua kim 
loai lam tang nang luong mdc T 2g va lam giam A. 



Hinh 4.10. Gian do MO doi vdi phurc bat dien (khong ke lien ket 7i). 

Gia tri Dq phu thuoc vao nhieu yeu to nhu: tuong tac gay nen bdi su nhifeu 
loan tlnh dien, su day giua electron cua kim loai va phoi tu, lien ket a kim loai - ph6i 
tu, lien ket n phoi tur v6i kim loai. Gia tri A (10 Dq) doi vcri cac ion kim loai d cac 
phurc chat thuemg tang theo trat tu sau: 

Mn 2+ < Ni 2+ < Co 2+ < Fe 2+ < V 2+ < Fe 3+ < Cr ,+ < V ,+ < Co u 
< Mn 4+ < Mo 3+ < Rh 1 * < Pd 4+ < Ir' + < Re 4+ < Pt 4+ 


Doi v6i phoi tu, ngubi ta xep chung theo chifeu tang gia tri A va goi la day ph6 
hoa hoc (vi A lay tu pho cua chung). Dudi day la day pho hoa hoc doi vdi cac phoi tu 
difen hinh: 


I - < Br“ < -SCN“ < Cl" < F < Ure < OH" < CH,COO" < C 2 0]'< H 2 0 < -NCS" < 
glyxin < pyridin ~ NH 3 < Etilen diamin < SO, 2 “< o-phenantrolin < N0’ 2 < CN" 

6 cac truomg kern doi xung hon nhu truemg tur giac, trudng bat difen lech, tu 
difen lech, hoac dong phan cis - trans, cac muc nang lucrng da tach d truemg bat difen 
(trudng lap phuong) lai bi tach tiep thanh nhieu mure hon. Chang han su tach doi vdi 
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ca'u hinh d 1 dugc chi ra tren hinh 4.11a, su tach cac mure nang lugng doi vdi phurc 
Co(III) khi chuyen tu trudng lap phuong (x = y = z) sang trudng tur giac (x = y * z) 
r6i truemg mat thoi (roqtbic) (x * y * z) dugc bieu didn d hinh 4.1 lb. 



Ion Trudng Trudng Truing Truing TruOng 

th£khl lap phucmg ttigiic lap phuong ttigi &c mat thoi 


Hinh 4.11. Su tach mure nang lugng bdi cac truang doi xurng khac nhau: 
a- doi vdi phurc d 1 ; b- doi vdi phurc phoi tri 6 cua Co(III). 

Tur cac du kien ve pho electron cua cac phiic chat, su dung cac gian do tach 
mure nang lugng ngudi ta co the thu dugc nhirng thong tin thoa dang ve su phan b6 
cua cac phoi tu trong cau phoi tri cua cac kim loai chuyen tiep. Chang han hidrat 
tris-(glyxinato) coban(III) ton tai 6 2 dong phan: mau tim (a) va mau do (P). 6 pho 
cua d6ng phan P co 2 van hap thu. 6 pho cua d6ng phan a co 2 van hap thu nhung 1 
van trong chung khong doi xurng turc la da bao gom tur 2 hay nhieu van hap thu gan 
nhau khong phan giai dugc. Dua vao gian do d hinh 4.11b ngudi ta cho r^ng dong 
phan p la co cau true bat dien (x = y = z, trudng lap phucmg) con dong phan a co cau 
true mat thoi. 

Nhffng dieu trinh bay d tren cho th&'y su tach va phan bo' cac mire nang lugng 
khong nhung phu thuoc vao cau hinh electron, vao cac trudng doi xurng khac nhau, 
ma con vao su manh yeu cua trudng phoi tu. Gian do Orgel chu yeu ap dung cho 
phoi tu trudng yeu. Trong trudng hgp chung, ngudi ta sir dung gian do Tanabe- 
Sugano nhu trinh bay d hinh 4.12. 

Gian do Tanabe-Sugano cho biet su tach cac muc nang lugng doi vdi cac ca'u 
hinh d n khi chuyen tir trudng yeu sang trudng manh co ke den tuong tac electron - 
electron d nguyen ttr trung tarn. No neu len su phu thuoc cua nang lugng E/B vao gia 
tri Dq/B (d day B la tham so dac trung cho khoang each nang lugng giiia cac trang 
thai co do boi cue dai cua ion trung tarn). 
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C/d 



Hinh 4.12. Gian do nang lirmig: a- d6i v6i c£'u hinh d 2 ; 
b- doi v6i c&'u hinh d 3 ; c- doi voi cau hinh d 4 ; d- doi v6i c2lu hinh d 5 . 
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Hitih 4.12. Gian do nang lircmg 
(tiep theo): 

e- d6i voi cau hinh d 6 ; 
g- doi vdi cau hinh d 7 ; 
h- doi vdi ca'u hinh d x . 


4.3.3. Ghi va phan tich pho chuyen d-d cua phurc chat 

Chuyen mtic d-d co cucmg do rat nho, co khi e max < 1, vi vay dung dich de ghi 
ph6 c£n phai co nong do du ldn. De tranh bo sot cac van hap thu, nguori ta thuong ghi 
ph6 vori dung dich nong do £ 1M r6i can cuf vao ph6 thu dugc ma dieu chinh nong do 
sao cho thu dugc ph6 vdi cac cue dai ro ret. 

Phan tich ph6 UV-Vis noi chung va pho d-d noi rieng, la nham xac dinh ngu6n 
g6c cac van hap thu tir do suy ra nhung dac diem ve ca'u true cua phan tu. De quy ket 
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ngu6n gdc cac van ha'p thu, mot mat phai dua vao ba date trung cua van ph6 la: vi tri 
(l max ), cudng do (e max ) va hinh dang van pho (d6i xung hay khdng. co cac vai ph6, 
cac dinh ph6 phu hay khdng, tire co cau tao tinh te nhu th£ nao), mat khac, phai so 
sanh vdi pho cua cac chat tieu bieu cho loai hop chat dang xem x£t. Doi khi con can 
dua vao su chuydn dich cua van pho trong cac dung mdi phan cue va khdng phan 
cue. Doi vdi phirc chat thi can dua vao gian do cac mire nang lugng cua cac ca'u hinh 
electron d cac trudng manh yeu khac nhau. Dudi day dan ra mdt so vi du phan ti'ch 
pho d-d cua mot sd' kim loai chuyen tiep. 

a. Phtic bat dien cua V J+ (cau hinh d 2 ) 

6 phire bat dien cua V ,+ co thd xay ra 3 chuydn mufc: 'T lg (F) -> T 2g , ^T^F) -> 
? T lg (P), ^T lg (F) -> 3 A 2g (gian d6 ben phai hinh 4.9b). Chuyen mifc len A 2g d V 1 " la 
chuydn mufc 2 electron, no co xac suat rat nho va do do cudng do rat tha'p den mufc 
khong quan sat tha'y tren ph6 thuc. Tren pho electron cua cac phtic bat dien cua V ,M 
tha'y co 2 van ha'p thu do 2 chuyen mtic ^(F) -> T 2g va 'T^F) -» 'T, g (P). 6 phufc 
[V(H 2 0 ) 6 ] u chung phan bo tuong ting d 17000 cm -1 va 24000 cm 1 (hinh 4.13). 




Z 0j0472MV(ClO 4 VHClO 4 


5 - 



5000 lOOOO 


20000 


30000 3S000 


Hinh 4.13. Pho electron cua [V(H 2 0) 6 ] 1+ . 
b. Phtic chat cua Cr 3+ (cau hinh d 3 ) 

Chung toi da dieu che va ghi pho cua phtic chat crom (III) fomiat (CrFl), 
oxalat (CrOl), tactrat (CrTl), xitrat (CrCl). Ngoai 2 van hap thu tucrng tu nhu d phtic 
aquo (Cr m Aq), con co cac vai pho nhu ghi d bang 4.2. 


Bang 4.2. Ha'p thu d vung kha kie'n cua mot vai phufc chat cua crom (III) 


Ki hieu 

Cong thufc phan tur 

L, (nm) / e 

CrFl 

[Cr(HC00) 1 (H 2 0)].l/3H 2 0 

440/49 


585/36,6 

715/vai 

CrOl 

K,[Cr(C 2 0 4 )J.2,5H 2 0 

420/53,1 


570/43 

700/vai 

CrTl 

H[Cr(C 4 H 4 0 6 )(H 2 0) 4 ].2H 2 0 

420/15 


588/18,1 


CrCl 

Na 3 [Cr(C 6 H 5 0 7 ) 2 (H 2 0) 2 ].2H 2 0 

390/17,0 

440/vai 

570/14, 


Cr m Aq 

[Cr(H 2 0) 6 ] ,+ 

417/18,0 


581/16, 



Gia tri A. max /e nhu trong bang 4.2 chung to rang cac van hap thu do la thude cac 
chuyen mufc d-d. Doi chieu gia tri ^. max vdi khoang each tuong dd'i giua cac muc 
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nang lurnig utn gian d6 Orgel, thi van phd b ~ 430 nm la thuoc chuyen mure 4 A 2g -> 
4 T lg (P), van ph 6 b ~ 580 nm la thude chuyen mure 4 A 2g -► ^ (F). Su xuat hien cac 
vai phd hoac dinh ph6 phu la do tuong tac spin-obitan gay nen. Theo gian do Orgel 
(hinh 4.9b) doi vdi ca'u hinh bat dien d 3 se con co chuyen mure thu ba: 4 A 2g -» 4 T 2g . 
Khoang each nang luong cua chuyen mure nay nho, no the hien o vung h6ng ngoai 
n6n khong ghi duoc. Tren co sb phan tich nhir tren, chung toi rut ra ket luan la cac 
phurc crom fomiat CrFl, oxalat CrOl, tactrat CrTl, xitrat CrCldeu co cau true bat 
dien. 

c. Phuc chat cua Cr 2+ , Mn 3+ (cau hinh d 4 ) 

Ph6 d-d cua phurc kim loai ca'u hinh d 4 tuong doi don gian. Van hap thu dac 
trirng trfin phd cua phurc aquo Cr 2+ (Cr"Aq), phurc Mn(III) oxalat (MnOl), phurc tactrat 
(MnTl) va phurc xitrat (MnCl) diroc liet ke o bang 4.3. 


Bang 4.3. Hap thu kha kien cua mot vai phurc chat cua Cr 2+ va Mn 4 


Ki hieu 

Cong thurc phan tu 

^max (nm) / £ 

Cr"Aq 

[Cr(H 2 0) 6 ] 2+ 

714/6 

MnOl 

K 8 [Mn 2 (C 2 0 4 ) 7 ].5H 2 0 

500/5,7 

MnTl 

K[Mn(C 4 H 4 0 6 ) 2 ] 

420/6 

MnCl 

Na[Mn(C 6 H 4 0 7 (H 2 0) 2 ] 

420/6,5 


Theo gian do Orgel b hinh 4.9a, van hap thu duy nhat 6 vung kha kien cua cac 
phurc ghi trong bang 4.3 la urng v6i chuyen mire E g -> T 2g 

e. Phurc chat cua Mn 2+ va Fe 3+ (cau hinh d 5 ) 

Chung t6i da ghi pho cua phuc [Mn(HC00) 2 (H 2 0) 2 ] trong dung dich nude. So 
vdi pho cua phurc aquo [Mn (H 2 0) 6 ] 2+ thi thay vi tri cac van pho thay doi khong dang 
ke, nhung cudng do van pho thi 1cm hon nhieu. Dua vao gian do tach muc nang lugng 
cua Mn 2+ co the quy ket cac van ha'p thu (X, max (nm)/s) tren pho cua 2 phurc tren nhu 
sau: 

[Mn (H 2 0) 6 ] 2+ : 337/0,02 357/0,024 400/0,035 435/0,015 530/0,017 

[Mn(HC00) 2 (H 2 0) 2 ] : 339/0,081 359/0,090 407/0,060 430/0,045 523/0,040 

Chuyg’n mire tir 6 A lg —>: 4 E g (D) 4 T 2g (D) 4 E g (G), 4 A lg 4 X 2s (G) ^igiG) 

Dang luu y la, cac phurc chat MnOl, MnTl, MnCl (bang 4.3) do chung t6i thu 
duoc tir phan ung cua KMn0 4 vdi axit oxalic, tactric, xitric tuong ung, con phuc 
[Mn(HC00) 2 (H 2 0) 2 ] thi tir Mn0 2 va HCOOH. Chfnh nhd sir phan tich pho d-d nhu 
vira trinh bay o tren ma chung toi da xac dinh duoc rang cac phurc thu duoc tir 
KMn0 4 la phurc bat dien cua Mn(III), con tir Mn0 2 la phurc bat dien cua Mn(II). 
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De che tao cac chat mau tham tan dung cho granit nhan tao, chung tdi da tdng 
hap nhieu day phurc chat cua kim loai chuydn tid'p vdi cac axit hiru co. Cac phuc chat 
thu duoc co thanh phan rat khac nhau. Cung vdi cac phuang phap khac, chung tdi 
thudng sir dung pho hap thu tu ngoai-kha kien d£ xac dinh ca'u tao cua chung. Hinh 
4.14 trlnh bay pho hap thu o vung 400 - 1000 nm cua m6t s6 phurc chat fomiato, 
oxalato, tatrato va xitrato cua Fe(III). Bang 4.4 liet ke cac van hap thu cua chung. 

Hlnh 4.14 va bang 4.4 cho tha'y cac phurc chat fomiato, oxalato, tatrato va 
xitrato cua Fe(III) co 3 van hap thu vdi e < 10. Cac van do d6u umg vdi cac chuy^n 
muc d-d. Tuong tir nhu Mn(II), ion Fe(III) cung co cau hlnh d\ theo If thuyd't phuc 
cua no se co so van hap thu nhi6u hon, nhung co th6 do cudng do budc chuydn qua 
nho, nen chung khong xuat hien tren pho. 



Hinh 4.14. Pho d-d cua mot sd phurc chat cua Fe(III). 


Bang 4.4. Hap thu kha kien cua mot vai phurc chat cua Fe 1+ 


Kl hieu 

Cong thuc phan tu 

X max (nrn)/e 

FeFl 

[Fe(HC00) 3 (H 2 0)]. 1/3H 2 0 

456/1,3 

632/1,5 

906/ 0,7 

FeOl 

K,[Fe(C 2 0 4 ),].3H 2 0 

450/6,9 

677/0,4 

966/ 0,2 

FeTl 

Na[Fe(C 4 H 2 0 6 )(H 2 0) 2 ] 

456/7,8 

534/7,8 

869/ 0,43 

FeT2 

K 2 [(C 4 HA)Fe(C 4 H 4 0 z )]H 2 0 

453/8,33 

674/0,6 

974/0,5 

FeT3 

H[Fe(C 4 H 2 0 6 )].l/2H 2 0 

485/7,9 

419/0,8 

904/0,8 

FeT4 

[Fe(C 4 H 4 0 6 )(0H)] 

456/8,07 

475/8,03 

903/0,13 

FeCl 

Na[Fe 2 (C 6 H 7 0 7 )(C 6 H 6 0 7 )(0H) 2 ] 

452/7,6 

525/7,56 

944/0,8 
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g. Phurc chat cua Fe 2+ (cau hinh d 6 ) 

Theo gian d6 Orgel, ph6 d-d cua phurc chat bat dien cua Fe 2+ chi co 1 vSn hap 
thu urng vdi chuyen mure 5 T 2g -> 5 E 2g . Vi du, 6 pho cua phurc [Fe(H 2 0) 6 ] 2+ (hinh 4.15) 
co 1 van ph6 d 909 nm vdi e = 1,0 va 1 vai pho d 1110 nm. 


Ph6 cua cac phurc fomiato, oxalato, 
tatrato va xitrato ma chung toi dieu che 
tir muoi cua Fe(III) vdi cac axit huu co 
co tinh khijf (hinh 4.14) khac han ph6 
cua phurc chat Fe(II). Nhu vay la trong 
cac phan umg dieu che do, Fe(III) da 
khong bi khir xuong Fe(II). 

h. Phurc chat cua Co 2+ (cau hinh d 7 ) 


_ 

F e* + W‘) 



rv 0,077 MFetClO^i 



5000 (0000 20000 50000 

•4 


Hinh 4.15. Pho d-d cua phurc [Fe(H 2 0) 6 l 2 *. 


Da so cac phurc phoi tri 6 cua Co(II) co cau hinh electron spin cao. Gian do 
Orgel doi vdi chung duoc trinh bay 6 hinh 4.9b. Trang thai co ban cua chung la 4 T lt 
va tuong tac spin - obitan la dang ke. O cac phurc nay theo li thuyet, co 3 bude 
chuyen: 4 T lg (F) 4 T 2g , 4 T lg (F) -> 4 A 2g , 4 T lg (F) 4 T lg (P). Buorc chuyen 4 T lg (F) -> 
4 A 2g la chuyen mure 2 electron nen khong thay duoc. Pho electron cua [Co(H 2 0) 6 ] 2+ 
(Bat dien) va [CoCl 4 ] 2 ' (tur dien) duoc trinh bay d hinh 4.16 a va b. 



Hinh 4.16. Pho electron cua: a- [Co(H 2 0) 6 ] 2+ (0,021 M Co(BF 4 ) 2 trong 
H 2 0; b- [CoClJ 2- (0,001 M CoCl 2 trong HC1 10 M). Duong net dirt chi 
2 van hop thanh Vein quan sat duoc. 
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Van hap thu d ~ 20000 cm -1 (500 nm/5,3) (hinh 4.16a) la umg vdi chuyftn mure 
4 T lg (F) -> 4 T lg (P). Vai pho b canh van nay (ch6 danh da'u sao) la do tuemg tac spin - 
obitan cr trang thai kich thich 4 T lg (P) da lam mat sir suy bidn. Van ha'p thu d 8350 
cm" 1 (1197 nm/1,5) la ung vdi chuyen mure 4 T lg (F) -> 4 T 2g . 

Gian do cac mure nang luong cua phurc tur dien cua Co(II) tuemg tu vdi tnrdng 
hop cua Cr(III) (xem gian d6 Orgel va gian do Tanabe - Sugano b hinh 4.9 va hinh 
4.12). 6 hinh 4.16b, van ha'p thu b ~ 15000 cm' 1 (667 nm/80) dugre qui cho chuyen 
mure 4 A 2 -> 4 T, (P). Cdu true tinh vi (g6m nhieu dinh nho) cua van nay la do tuemg 
tac spin - obitan b trang thai T. Van hap thu 6 ~ 6000 cm" 1 (1667 nm/570) la umg vdi 
chuyen mure 4 A 2 -» 4 T,(F). Con van ung vdi chuydn mure 4 A 2 —> 4 T 2 thi nam d vung 
4500 - 3000 cm" 1 . Nhu vay 2 van ha'p thu cua phurc tu dien cua Co(II) deu d bude 
song dai hon nhi6u va gia tri e cao hon hang tram lan so vdi 2 van cua phurc bat di6n 
cua Co(II). 

Hau nhu tat ca cac phurc chat cua coban(II) ma chung toi dieu che va ghi ph6 
(bang 4.5) d6u co 2 van ha'p thu vdi trong khoang 510 - 720 nm vdi e trong 
khoang 0,3 - 13, co le van thu hai cua phurc CoCl qua yeu n£n khong ghi duqc a 
nong d6 da pha. Su giong nhau giura ph6 cac phurc chat cua coban(II) b bang 4.5 vdi 
pho cua [Co(H 2 0) 6 ] 2+ (hinh 4.16a) da xac nhan rang cac phurc chat do co ca'u hinh bat 
dien. 


Bang 4.5. Cac van pho d-d b mot so phurc chat cua Co(II) 


Ki hieu 

Cong thuc phan tu 

(nm) / e 

CoFl 

[Co(HCOO) 2 (H 2 0) 2 ] 

513/7,8 

700/0,3 

CoTl 

K 2 [Co(C 4 H 2 0 6 )(H 2 0) 2 ].2H 2 0 

512/11 

742/0,3 

CoCl 

Na 4 [Co(C 6 H 5 0 7 ) 2 ] 

510/9,3 


CoC2 

Na 4 [Co(C x H,0 7 ) 2 (H 2 0) 2 ].2H 2 0 

532/31 

720/10 

CoC3 

Na 2 [Co(C 6 H 4 0 7 )(H 2 0) 2 ] 

526/9,5 

716/1,6 

CoC4 

Na[Co(C,H,0 7 )(H 2 0) 2 

531/13,3 

724/3,6 

CoC5 

Na 4 [Co(C fi H 5 0 7 ) 2 (H 2 0) 2 ].H 2 0 

532/11 

723/3,9 

CoC6 

Na[Co(C 6 H 5 0 7 )(H 2 0) 2 ].2H 2 0 

526/12,8 

720/2.1 , 


i. Phurc chat cua A r i* + , Pt 2 * (cau hinh d 8 ) 

Doi vdi cac phurc bat dien cua Ni 2+ (ca'u hinh d 8 , gian do phfa bdn trai hinh 4. 
9b) ta cung du doan co 3 bude chuyen: ? A 2g -> 3 T 2g . 3 A 2g -> 4 T lg (F), *A 2f , -> > T, (P). 
Pho cua mot vai phurc chat loai do ducrc neu ra b hinh 4.17, cac van hap thu ung vdi 
m6i chuyen mure ducrc ghi trong bang 4.6. 
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Bang 4.6. Cue dai ha'p thu d mot sd phurc bat dien cua Ni", nm 
(Gia tri trong ngoac la cua vai phd, gia tri e deu nho hem 20, xem a hlnh 4.17a) 


Phd'i tu 

X, -> % 

'A 2g -> 'Tij (F) 

—* Tic (P) 

H 2 0 

1176 

649 

385 

nh 3 

952 

571 

354 

(CH 3 ) 2 SO 

1294 

771 

416 

HCON(CH 3 ) 2 

1176 

735, (671) 

400 

CH 3 CON(CH 3 ) 2 

1321 

785, (700) 

420 



Hinh 4.17a. Ph6 electron (dung m6i CH 3 N0 2 ): 1) [Ni(NH 3 ) 6 ](C10 4 ) 2 ; 

2) [Ni(HC0NMe 2 ) 6 ](C10 4 ) 2 ; 3) [Ni(CH 3 C0NMe 2 ) 6 ](C10 4 ) 2 . 

Phurc bat dien cua Ni(II) thuemg cho 3 van hap thu a 8000 - 13000, 15000 - 
19000, 25000 - 29000 cm’ 1 . Vi tri chfnh xac cua chung phu thuoc vao sd A va P (P 
dac trung cho su khac biet ve nang luong giura trang thai *P a phurc chat vori trang that 
P a ion tu do trong pha khi). He sd hap thu mol cua cac van do khdng vuot qua 20. 
Su trung khdp gitfa tdn so tfnh toan va tan so tim tha'y bang thuc nghidm cua van 
trung binh duac xem nhu bang chung cua phuc O h . 

Bang 4.6 da quy ket 3 budc chuy^n d pho chuydn d-d trong phurc chat bat dien 
cua Ni 2+ . Budc chuydn thd nhat d viing hong ngoai gan la chuydn mure -> Tj g . 
budc chuydn thur hai d vung kha kien umg vdi chuydn mure *A 2g -» (F), con budc 

chuydn thur ba co the ddi v£ tan vung tu ngoai gan ung vdi chuyen mure 3 A 2g -> ’T, 
(P). Ve mat cudng do ha'p thu, cac van phd d-d d cac phurc chat bat didn ddi xung 
(trudng O h ) umg vdi chuyen mure bi ca'm ndn gia tri e thuemg ra't nho (cd hang chuc 
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hoac hang dan vi). Khi chuydn sang cac trucmg kem d6i xumg han thi gia tri e ting 
len. O trucmg vuong phing dd'i vdri Ni(II) (ca'u hinh d 8 ) cac van chuydn muc d-d \k 
nhung van kha manh umg v6i e = 100 - 350. 

Phurc Ni{OP[N(CH 3 ) 2 ] 3 } 4 Cl 2 co the co ca'u true tur dien (D 2d ), vudng phing. hoac 
mot kieu bat dien lech khac. Su gid'ng nhau giua ph6 electron cua phuc chat do vdi 
phurc [NiClJ 2 cho tha'y ca'u true cua phurc m6i tong hap do phai la td di6n nhu phuc 
[NiClJ 2 da biet. Pho electron cua phuc [Ni(N0 3 ) 4 ] 2 ' co dac diSm nhu ph6 cua phurc 
phdi tri 6. Dieu do cho tha'y co 2 nhom NOJ da thfe hien dung lumig ph6i tri 2 
[drago]. 

Pt(II) cung thude ca'u hinh d K nhu Ni(II) chac chan rang cac van ph6 d-d cua 
phurc chat vuong phing cung se co cucrng d6 ldn tuang tu nhu nhau. Cac phde chat 
cua Pt(II) ma chung toi nghien curu thubmg la cac phurc it tan, chi co mdt s6 it trucmg 
hop la co do tan du de do pho d-d. Hinh 4.17b trinh bay ph6 electron cua 2 phtic 
monoamin do chung toi tdng hap: K[Pt(Piperidin)Cl 3 ], (PO); K[Pt(Morpholin)Cl,], 
(MO) va ph6 cua K 2 [PtCl 4 ] de so sanh. 



200 250 300 350 400 450 500 

X(nm) 


Hinh 4.17b. Pho electron cua K 2 [PtCl 4 ]; K[Pt(Piperidin)Cl,], (PO); 

K[Pt(Morpholin)Cl,], (MO). 

Gian d6 cac mure nang luemg doi vai cau hinh d 8 trong truang vudng phing la 
kha phuc tap, no g6m tori 7 phan muc tir tha'p len cao la B lg , A 2g , E g , B 2 E, (F), A 2k 
(P), E g (P) vi the viec qui ket cac van pho cho mot chuyen mure nao do la ra't kho thuc 
hien. 

Doi v6i K 2 [PtCl 4 ] ngoai van thur nhat a 216 nm da duqc qui k6t cho chuyen 
muc kem chuyen dien rich (xem muc 4.4.2) thi tren pho ma chung toi ghi duac c6n 
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c6 3 van ha'p thu vdi he s 6 ha'p thu e < 100 va 1 vai phd. Vai phd nay c6 cudng dd 
nho nhung trai rdng tdi gan 600 nm, do la dau hieu cua 1 van pho rat yeu. Bdi vi K + 
va phd'i tu Cl' kh6ng ha'p thu d vung nay, ca 4 van phd do dupe gay ra boi cac chuydn 
mure d-d d ion Pt 2+ . Tuy nhien cho den nay chua co duoc su thd'ng nha't trong viec quy 
ket tung van pho. 

Pho ha'p thu electron cua dung dich K[Pt(Piperidin)Cl 3 ], K[Pt(Morpholin)Cl 3 ] d 
n6ng dd khoang 10' 4 M chi the hien 1 cue dai hap thu (205 nm va 210 nm). Nhung 
khi ghi ph6 d6i vdi dung dich cua chung a n6ng dp khoang 10' 2 M thi deu xua't hien 3 
van phd trong vimg 300 - 414 nm (hinh 4.17b). Dua vao su tuemg tu vdi phd cua phurc 
vu6ng phang K 2 [PtCl 4 ], co the du doan rang 3 van hap thu do cung duoc gay nen boi 
cac chuydn rntJc d-d trong do co 1 cue dai ha'p thu the hien a vung tu ngoai gan (X. m „: 
300 nm vdi lge = 2,25 + 2,29), tire la van nay co cucrng d6 kha ldn nhu truemg hop 
phurc vudng phang cua Ni(II) vua neu a tren. 

Mau sac cua phurc chat phu thuoc vao nhidu yeu to. Nhung du kien tren phd d-d 
cung gop phan giai thich su khac nhau ve mau sac. Hinh 4.17b cho tha'y cac van hap thu 
cue dai cua K 2 [PtCl 4 ] nam a vung song dai hon so vdi M0 va P0, con van hap thu cua 
M0 va P0 thi d bude song tuong duong nhau. Didu nay phu hop vdi thuc te' la K 2 [PtCl 4 ] 
co mau do tde la tham mau hon so vdi mau vang da cam cua hai phurc chat kia. 

k. Phitc chat cua Cu 2+ (cau hinh d 9 ) 

Cac phurc chat cua dong (II) thudng co ca'u true hinh hoc khac nhau va thudng 
la cac phurc spin thap. Tren phd cua chung quan sat tha'y 1 van rat rdng cue dai d 
15000 ± 5000 cm -1 dupe xem nhu la bao gdm tat ca cac chuyen mure chd dpi. Chang 
han phd cua Cu 2+ trong dung dich nude co dang nhu d hinh 4.18. Tuy nhien, kha 
nang chuyen mire vdi nang lupng cao hon xua't hien d vung tu ngoai va bi che la'p boi 
van chuydn djeh di6n tfeh. Noi chung phd electron cua phurc Cu(II) it co gia tri dd 
xac dinh ca'u true. 



Hinh 4.18 

Phd d-d cua dung dich 
Cu(C10 4 ) 2 0,003 M. 


Cac thi du n£u trdn cho tha'y vide phan tich ti mi phd d-d se cho ta nhung thdng 
tin quy gia ve cau true cua phirc chat cac kim loai chuydn tiep day d. 
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4.4. PH 6 CHUYliN DI$N TfCH [86, 87] 

4.4.1. Chuyen mure kem chuyen dien tich 

Chuyen mure kem chuyen dien tich (charge transfer transitions, vi£t tit: CT) li 
su kich thich electron tir mot nguyen tu nay (hoac mdt nhom nguyen tir) d£n mGt 
nguyen tu (hoac mdt nhom nguyen tu) khac trong cung mdt phan tu. Chang han, a 
phde chit [M(L)(L’)X 2 ] vdi L va L’ la cac phdi tu kh6ng no nhi£u nguyen tu, con X 
la phdi tu don nguyen tu, co the co sir chuyen muc theo cac ki£u sau. Kich thich tir 
kim loai den phdi tir M —» L, ki hieu la MLTC. Cac obitan nhan d cac ph6i tu khdng 
no thuerng la obitan n. Kich thich tir ph6i tu d^n kim loai X —> M, L —> M, L’ —> M 
(ki hieu la LMCT), kich thich tir phdi tir den phoi tu X -> L, X -» L’, va L^L’ ki 
hieu la LLCT. Cac chuyen mure do lien quan tori cac electron a hoac n a X, L, L’. 
Cac chuyen muc do la ducrc phep mat electron nen co he sd ha'p thu mol (e) vao cd 
10 3 - 4.10 4 LmoF'cm' 1 hoac ldn han. Pho umg vdi cac chuyen mure kem chuyen dien 
tich duac goi la pho chuyen dien tich. 

Chuyen mure kem chuyen dien tich tir phdi tir vo ca den kim loai a cac phtre 
chat thudng the hien d viing tir ngoai va dac trung bdi cudng do ha'p thu ldn (e > 10 4 ). 
Vi du cr cac phirc pentaamminhalogeno Co(III), [CoiNHO^X] 2 *, van ung vdi chuyen 
mure kem chuyen dien tich tir halogen tori Co (LMCT) co e > 10 4 (hinh 4.19). Van 
nay chuyen dich v& phia song dai theo qui luat Cl < Br < I. Gia tri X, tang theo kha 
nang nhudng electron cua halogen, phii hap vdi thuc te la nang luimg can d6 kich 
thich bude chuyen giam khi kha nang nhudng electron cua halogen tang. 

Pho tir ngoai kha kien cua [Co(NH,),X] 2 * vdi X = Cl, Br, I la td hop cua phd 
chuyen d-d vdi pho chuyen dien tich. (a), (b), (c) chi cac dinh ciia cac van ha'p thu ung 
vdi LMCT, A. max (a) > X max (b) > X m Jc). 

Cac van ha'p thu vdi lge < 2 la ung vdi 
chuyen mure d-d (xem phd cua Co 2+ 
trong dung dich nude d muc 4.3). Cac 
vai phd (g), (e) va dinh pho (d) la ket 
qua cong hop cua van ha'p thu d-d vdi 
van ha'p thu LMCT. 

Su chuyen dien tich d phuc chat 
khi ha'p thu buc xa co the dan tdi 
phan ung oxi hoa - khir. Chang han, 
khi chieu bde xa 230 nm len phurc 
[Co(NH 3 ) 5 I] 2+ va phurc [Co(NH,) 3 N 3 ] 2+ 

( cac phurc nay co van ha'p thu d ~ 

230 nm ) thi chung bi phan huy tao 
thanh I 2 , N 2 va Co(II). 
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Trong mdt so phurc da nhan lai co su chuyen dich electron giCra cac ion trung 
tarn vdi mire oxi hoa khac nhau, chang han gitra Ru(II) va R(III): 

[(NH 3 ) 5 Ru(II)-N^N- Ru(III)(NH 3 )5] 5+ [(NH 3 ) 5 Ru(III)- N^N- Ru(II)(NH 3 ) 5 ] 5+ 

Chinh sir chuyen electron nhu vay da la nguyen nhan xuat hien mau manh 
(cudng do ldn) d cac metallome chura nhung nguyen tu kim loai d cac mire oxi hoa 
khac nhau [L^M 11 - X - M m L 5 ] n+ (d day L la cac phoi tu dung lupng phoi tri 1, X - 
phoi tu ciiiu noi, M la ion kim loai). Su chuyen electron giCra cac nguyen tu kim loai 
c£n nang lupng tuong doi nho, vi vay no thudng the hien d vung kha kien. Mau xanh 
rSt manh (e ldn) cua KFe[Fe(CN) 6 ] (xanh Pruss) cung dupe giai thich la do su 
chuyen electron giura ion Fe(II) va ion Fe(III) ma dieu do khong co dupe a cac phurc 
chat K,[Fe(CN) 6 ] va K 4 [Fe(CN) 6 ] rieng biet. 

Chuyen mure do sir chuyen electron tir obitan djnh vi chu yeu 6 nguyen tu kim 
loai den phoi tu thucmg gap o cac phirc chat chura cac phoi tu co cac obitan n trPng. 
Thi du, o cac phurc cua Fe(II), Cu(I)... vdi phenantrolin co van hap thu d vung kha 
kien ting vdi su chuyen electron tir obitan T 2g cua kim loai den obitan trong n cua 
phenantrolin (chuyen mure d —> n). Vi vay phenantrolin va cac dan xuat cua no dupe 
dung d6 xac djnh Fe 2+ , Cu + bang phuong phap trac quang. 

Hien tupng doi mau khi tao phurc phan tu cung thudng lien quan den chuyen 
mure kem chuyen dien tfeh. Chang han, I 2 trong dung moi tro nhu CC1 4 co mau tfm 
(X max 520 nm). Khi them vao do cac baza Liuyt nhu.axeton, ete, rupu, amin benzen 
va ddng dang thi dung dich chuyen thanh mau nau hung. Pho electron cua dung dich 
thay doi rat rd ret: Khi nong do baza tang len, van hap thu cua iot chuyen dan ve 
phfa song ngan (chuyen dich xanh), dong thdi xuat hien them 1 van mdi co cudng do 
rat Idn d gan 250 nm (hinh 4.20a), van nay co nguon goc do bude chuyen kem dien 
tich. Su co mat cua diem dang quang d 490 nm chdng to trong dung dich co mat 2 
titu phan hap thu la I 2 va phurc phan tu B: I-I (B chi baza Liuyt). Phurc chat phan tu 
dupe hinh thanh la do tuong tac cua cap electron n cua baza doi vdi obitan trong a* 
cua iot. Cac chuydn mure gay nen su hap thu cua I 2 va cua phurc B: I 2 dupe chi ra d 
hinh 4.20 b, d do cac obitan co them chu c la cua phurc chat, doi electron n b la cua 
baza cung cap de hinh thanh lien ket a c . 

Ion triiodua Ifchfnh la phan tu trong do I 2 la axit Liuyt con I~ la baza: 

^2 (rin) ^~(solvat h6a) ^ ^3 (solvat h6a) ^ — ^5 
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Hinh 4.20. a- Pho electron cua dung dich I 2 trong CC1 4 : 1- khdng co mat bazo 
Liuyt; 2, 3, 4- co bazo Liuyt vdi nong do tang dan 2 < 3 < 4; b- Cac chuydn 
muc electron: 1- chuyen mure n*-> a* d I 2 (520 nm); 2- chuydn mure 7i c *—> o* 6 
phurc B:I 2 (450 nm); 3- chuyen mure kern chuyen didn rich d phurc B:I 2 (250 nm). 


Brom cung tao phurc chat phan tu vdi cac bazo Liuyt. Chang han phurc chat 
(CH 3 ) 2 CO.Br 2 co cau tao trong do Br 2 dong vai tro c^u noi giCia 2 phan tir axeton va 
lien ket dugfc hinh thanh la do tuong tac cua doi electron n cua oxi cacbonyl vdri 
obitan trong a* cua brom (hinh 4.21). Chuyen mure kern chuydn didn tich 6 phurc nay 
cung gop ph^n vao mau cua no. 


ch Jn x ch, 

c 

CHj^ 

1 

il 

o.. 

J 

■ Br 

Br' 

/ 

ID 

B t 


CHj CHj 


\ 


.< 0 . 03 -^ 


6*V 


Hinh 4.21. Phurc chat phan tu giura brom va axeton. 

Khi hinh thanh phurc chat phan tu vdi cac nhan thorn, iot su dung cac electron n 
cua nhan thorn. Phurc chat C 6 H 6 .I 2 co ca'u true trong do phan tu I 2 nam doc theo true 
doi xung bac 6 cua phan tu benzen. 

Clo, brom, iot deu tao hop chat boc vdi amilo cua tinh bot. Ban chat cua lidn 
ket d cac hop chat boc do co le cung lien quan tdi viec tao phurc phan tujna cac 
halogen dong vai tro axit Liuyt con cac nguyen tu oxi cua cac nhom hidroxyl cua 
tinh bot dong vai tro bazo. Sir doi mau cua iot trong dung dich ho tinh bot la ket qua 
cua nhung chuydn mure electron d phurc boc cua amilo vdi iot bao gom ca chuydn 
muc kern chuyen dien tich. 
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4.4.2. Ghi va phan tfch pho chuyen dien tfch cua phurc chat 

Nhu da trinh bay d tren, chuyen mure kern chuyen dien tfch la chuyen mire dugc 
phep nen co he s<5 ha'p thu mol (e) vao cd 10 3 - 4.10 4 LmoF'cm -1 hoac ldn hem. VI the 
mudn thu dirge pho chuyen dien tfch cua mot phirc chat mdi, nen chuan bi dung dich 
vdi n6ng dd ca 10 _3 M, khi ghi pho thi dieu chinh cho thfch hgp. 

Nhieu loai phdi tur hum ca cung co nhung van ha'p thu vdi cudng do va bude 
song tirang tir nhir van chuyen dien tfch, vi vay pho thu dugc tir dung dich vdi n6ng 
do < 1CT 1 thudng g6m khong chi cac van chuyen dien tfch ma ca cac van ha'p thu cua 
phoi tir huu ca (xem muc 4.5). Dudi day se dan ra mot s6' thi du phan tfch ph6 
chuyen dien tfch cua phirc chat. 

Bang 4.7 liet ke cac van hap thu tren ph6 tir ngoai cua mot s6' phirc chat 
monoamin trihalogenoplatinat(II) do trong dung dich nude d nong do 10 -1 - 10 -4 M. 
Trong dieu kien do, K 2 [PtCl 4 ] cho 1 van ha'p thu manh (lgs = 3,99) d 216 nm va mot 
vai ph6 d 230 nm, cac phirc monoamin trihalogenoplatinat(II) cung deu cho 1 van 
manh d 206-215 nm, mot so' chat con co them 1 vai pho hoac mot vai van phd khac 
nira. Can cu: vao vi trf va cudng do, co the qui ket van ha'p thu d 216 nm tren phd cua 
K 2 [PtCl 4 ] umg vdi chuyen mure kern chuyen dien tfch tir clo tdi Pt(II). Tir do co the 
cho rang van hap thu vdi X max d206 - 215 nm tren phd cua cac phirc [PtAmX,]” cung 
co cung nguon gd'c. That vay, d 8 phurc chat ben trai cua bang 4.7, mac du cac amin 
trong cau noi la khac nhau, nhung khi chuyen tir phirc chat cloro sang phirc chat 
bromo thi A. max deu tang them khoang 5 nm [75], 


Bang 4.7. Ha'p thu tir ngoai cua mdt sd phurc monoamintrihalogenoplatinat(II) 


Phurc chat 

X m „ (nm) / lge 

Phurc chat 

Ku ( nm ) / ig E 

K[PtNHjClj] 

210/3,76 

K[PtMeNH 2 Cl 3 ] 

215/4,18 

K[PtNH,Br,] 

215/4,16 

K[PtEtNH 2 Cl 3 ] 

215/4,16 

NH 4 [PtNH,Cl,] 

210/3,75 

K[Pt(pip)Clj] 

210/4,02 

NH 4 [PtNH,Br,] 

215/4,13 

K[Pt(mor)Cl,] 

206/4,08 

KfPtpyCl,] 

210/4,29; 260/vai 

K[Pt(PhNH 2 )Cl 3 ] 

213/4,0; 230/4,04 

315/2,95 

K[PtpyBr 3 ] 

216/4,27; 262/vai 

(pyH)[PtpyCl 3 ] 

209/4,03; 260/3,38 

K[Pt(/M-CH 3 PhNH 2 )Cl 3 ] 

211/4,57:02/3,34 

(pyH)[PtpyBfj] 

214/4,00; 262/3,78 

K 2 [PtCl 4 ] 

216/3,99; 230/vai 


Doi vdi K 2 [PtCl 4 ], vai pho d 230 nm rat gan vdi van pho chfnh nen co the coi 
no van thuoc chuyen mure kem chuyen dien tfch nhung khac chut ft \i nang lugng do 
dao dong trong phurc chat gay ndn. Cac vai pho va vin pho d cac phurc chat khac 
trong bang 4.7 khac nhieu \6 mat nang lugng so vc v ,-i pho chuyen dien tfch. Mat 
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khac, chinh cac amin nhu pyridin (py), anilin (PhNH 2 ), m-toluidin (m-CH.PhNH 2 ) 
cung co nhung van hap thu a vung pho dang xet (xem muc 4.5). vi vay cac vai ph6 va 
van pho noi tren co nguon goc tir sir hap thu cua phd'i tu. 

Bang 4.8 liet ke cac van hap thu tu ngoai cua phuc chat cua mot s6 kim loai chuyftn 
tiep day d vdi axit fomic, axetic, oxalic, tactric va xitric co c6ng thutc ca'u tao nhu sau: 

HCOOH HOOC-COOH HOOC-CH-CH-COOH HOOC-CH r C(OHKH 2 -COOH 

HO OH COOH 

axit fomic axit oxalic axit tactric axit xitric 


Bang 4.8. Ha'p thu tu ngoai cua mot so phurc cacboxylato kim loai chuydn tiep [20] 


TT 

Kf hieu 

C6ng thurc phan tu 

X mtx (nm)/lge 

1 

CrFl 

[Cr(HC00) 3 (H 2 0)]. 1/3H 2 0 

238/3,58 

2 

MnFl 

[Mn(HC00) 2 (H 2 0) 2 ] 

232/4,18 

4 

FeFl 

[Fe(HC00) 3 (H 2 0)] 1/3H 2 0 

270/4,08 

5 

CoFl 

[Co(HCOO) 2 (H 2 0) 2 ] 

247/4,18 

6 

NiFl 

[Ni(HC00) 2 (H 2 0) 2 ] 

250/4,0 

7 

CrOl 

K 3 [Cr(C 2 0 4 ) 3 ].2,5H 2 0 

278/4,2 

8 

MnOl 

K 8 [Mn 2 (C 2 0 4 ) 7 ].5H 2 0 

278/4,23 

9 

FeOl 

K 3 [Fe(C 2 0 4 ) 3 ]. 3H 2 0 

278/4,24 

10 

CrTl 

H[Cr(C 4 H 4 0 6 )(H 2 0) 4 ].2H 2 0 

242/4,19 

11 

MnTl 

K[Mn(C 4 H 4 O s ) 2 ] 

240/4,14; 270/3,57 

12 

FeTl 

Na[Fe(C 4 H 2 0 6 )(H 2 0) 2 ] 

245/4,6; 340/4,23 

13 

FeT2 

K 2 [(C 4 H,0 / )Fe(C 4 H 4 0 / )]H 2 0 

235/4,2; 310/3,8 

14 

FeT3 

H[Fe(C 4 H 2 0 6 )].l/2H 2 0 

236/4,2; 310/3,9 

15 

FeT4 

[Fe(C 4 H 4 0 6 )(0H)] 

245/3,48; 340/3,9 

16 

CoTl 

K 2 [Co(C 4 H 2 0 6 )(H 2 0) 2 ]. 2H 2 0 

238/3,56 

17 

CrCl 

Na 3 [Cr(C 6 H 5 0 7 ) 2 (H 2 0) 2 ].2H 2 0 

240/4,13; vai 280-290 

18 

MnCl 

Na[Mn(C 6 H 4 0 7 (H 2 0) 2 ] 

245/4,15; vai 380-390 

19 

FeCl 

Na[Fe 2 (C 6 H 7 0 7 )(C 6 H 6 0 7 )(0H) 2 ] 

245/4,57; vai 345-355 

20 

CoCl 

Na 4 [Co(C 6 H4;07)2] 

249/5,06 

21 

CoC2 

Na 4 [Co(C,H 5 0 7 ) 2 (H 2 0) 2 ].2H 2 0 

249/5,0 

22 

CoC3 

Na 2 [Co(C 6 H 4 0 7 )(H 2 0) 2 ] 

244/4,84 

23 

CoC4 

Na[Co(C x H,0 7 )(H 2 0) 2 

249/4,83 

24 

CoC5 

Na 4 [Co(C 6 H 5 0 7 ) 2 (H 2 0) 2 ].H 2 0 

251/4,9 

25 

CoC6 

Na[Co(C 6 H 5 0 7 )(H 2 0) 2 ].2H 2 0 

252/4,5 


216 

































































































Nhu a muc 4.5 se tha'y, cac axit fomic, oxalic, tactric, xitric hay cac muoi cua 
chung chi hap thu manh d vung tir ngoai xa (X < 200 nm). Chung toi da ghi pho cua 
dung dich 10~ 3 cua cac axit va mudi sau: H 2 C 2 0 4 , K 2 C 2 0 4 , H 2 C 4 H 4 O fi , Na 2 C 4 H 4 0 A , 
H 3 C fi H s 0 7 , Na,C 6 H,0 7 , tren pho cua chung khdng xuat hien cac cue dai hap thu, cac 
dudng cong ddu co xu hudng di xuong rat manh khi X > 200 nm va sau do chuyen 
thanh du6ng nSm ngang v6i do ha'p thu bang khdng. Khac vdi phd cua cac phoi tu 
do, tren pho tu ngoai cac phtic chat cua chung vdi kim loai chuyen tiep, a vung X > 
200 nm ddu xuat hien cac cue dai hap thu vdi cudng do hap thu ldn, lge tir 3,5 ddn 5 
(bang 4.8). 

Bang 4.8 cho thay b vung tur ngoai, gia tri X mt% va s6 luong van ha'p thu (1 hoac 
2 van) phu thuoc ca vao ban chat cua phoi tir va ca ban chat cua ion trung tarn. Chang 
han, cac phur chat fomat MnFl, CoFl.CrFl, FeFl co mot van hap thu vdi A. m „ = 232 
- 270 nm, cac phiic chat oxalat CrOl, MnOl, FeOl co 1 van hap thu vdi X mtx = 278 - 
280 nm, lge = 3,7 - 4,3 (hinh 5.22). Ro rang rang van hap thu nay irng vdi chuyen 
muc kern chuyen dien tfch tir O cua nhom cacboxylat (COO”) tdi kim loai. 



Cac phuc chat tactrat va xitrat deu co 1 van chuyen dien tfch d 236 - 252 nm. 
Mot so phuc chat con co them 1 van pho hoac 1 vai phd b vung tir ngoai. Cac van 
pho va vai pho do deu co lge > 3,5. Chung cung co nguon goc tir chuyen muc kem 
chuyen dien tfch. nhung tir O cua mot nhom cacboxvlat khong tucmg duomg. hoac 
cua nhom OH ancol. 
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4.5. Ph6ph 6| TllT [84, 86, 87] 

4.5.1. Khai niem ve pho phoi tur 

Pho chuyen d-d va pho chuyen dien tich ddu lien quan defn ca nguydn tur trung 
tam va phoi tu, noi each khac cac bude chuyen do chi co d phurc' chat ma khdng c6 d 
ion kim loai va phoi tu tu do. Doi vdi cac phurc chat chura cac phdi tu phurc tap c5n 
phai luu y rang chinh nhung phoi td do cung co su ha'p thu ridng cua minh. Chang 
han cac phoi tu huu co co the co nhung nhom mang mau khac nhau ma su ha'p thu 
cua chung lam xua't hien nhung van pho d viing tu ngoai - kha kiefn. Vi du ph6 
electron cua cac phire chat cua platin vdi quinolin (Q) ma chung toi nghifin cuu vira 
co net gidng vdi pho cua quinolin, vira co net khac biet rd ret: 

Quinolin (Q) K[PtQCl,] [PtQ 2 Cl 2 ] 

225/4,61; 277/3,70; 313/3,71 231/4,44; 312/3,72 235/3,83; 312/2,76 


Nhung van pho co nguon goc tu nhung chuyen mure d cac nhom mang mau cua 
phoi tu trong cau phd'i tri dupe goi la phS phoi tif. Nhu vay can chu y rang pho phd'i 
tu khong phai la pho cua phoi tu b dang tu do. Nguyen nhan cua su khac nhau la do 
cac electron thuoc nhom mang mau cua phoi tur co the tham gia vao su tao lidn k^t 
vdi nguyen tur trung tam lam cho su ha'p thu cua phoi tur thay doi ra't rd ret so vdi khi 
khong phoi tri. Ngudi ta thudng so sanh pho cua phurc chat vdi pho cua phoi tu de co 
dupe thong tin ve su tao phurc. 


Anh hudng cua su tao phurc den su ha'p thu cua phoi tu thudng dupe su dung 
trong phan tich trac quang [23, 125], Chang han mot so hop chat huu co bi d6i mau 
khi tao phurc vdi kim loai, chung dupe su dung lam cac chat chi thi kim loai trong 
chu^n do tao phurc. Nhieu thuoc thur huu co khac dupe ung dung trong phuemg phap 
trac quang, hoac chiet trac quang cung dua vao su thay doi trang thai electron d 
cromopho phoi tur khi tao phurc. Thi du, su chuyen dich hap thu cua alizarin ve phia 
song dai khi tao phurc dupe dung de xac dinh Al, Be, Ca, In' 



Cung dua tren nguyen tac do ma rat nhi6u chat mau azo dupe su dung trong 
phan tich. Thi du, asenazo III lam chi thi trong chuan do complexon xac dinh nguydn 
to dat hiem. Den diem tuong duong, dung dich chuyen tir mau xanh nude bidn (mau 
cua asenazo III phoi tri vdi La 3+ ) sang mau do nho (mau cua asenazo III tu do). 
Tuong tu, biruzon dung lam chi thi trong chu£n do complexon xac dinh Ca. 
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Cac van phd phoi tir c6 the xen la'p vdi cac van pho chuyen dien tich hoac van 
pho chuyen d-d lam cho pho electron cua phirc chat trd nen kho phan tich. De phan 
tich pho electron cua phirc chat trong nhung trudng hop ma phoi tu cung hap thu d 
vimg nghien ciru, trudc het can phai tlm hieu su ha'p thu cua chinh cac phan tu phoi 
tu khi khong phoi tri (phoi tu tu do). Vi vay dudi day se tom lucre su ha'p thu tu ngoai 
-kha kien cua cac loai hop chat vo co va huu co don gian. 


4.5.2. Hap thu tur ngoai - kha kien cua cac hop chat vo co don gian 

Khi phan tich pho electron cua cac hop chat vo c a can phai xet den gian do cac 
muc nang lupng MO cua phan tu, bdi vi khoang each giura cac mure nang lupng MO 
xay ra chuyen muc se quyet dinh vi tri cua van ha'p thu (tuc gia tri cua A. max ). Dong 
thcri can ap dung cac qui tac chon loc da neu a muc 4.1.3 de du doan so lupng cac 
van ha'p thu cung nhu giai thich cucrng do cua chung. Ngoai ra con can phai chu y 
xem chat nghien cuu dupe do trong dieu kien nao: long, ran, dung djeh, dung moi... 
B6i vi trong cac moi truemg khac nhau mot so chat vo co co thfe cho cac pho co 
ngu6n goc hoan toan khac nhau, nhu se tha'y 6 phtin dudi day. 

De lam vi du, chung ta hay xet su ha'p thu buc xa ttr ngoai - kha kien cua m6t 
s6 hop chat va ion vo co don gian trinh bay trong bang 4.9. 

Nude ha'p thu d vung tu ngoai xa (166,7 nm, chuyen mure n -» a‘) do do no la 
mdt dung moi rat tot de do pho cua cac chat vo co. Sir ha'p thu d vimg tir ngoai-kha 
kien cua brom, iot co the dupe giai thich la do khoang each nang lupng nho giura 
obitan n bi chiem va obitan o* trong phan tir cua chung. Noi each khac, van ha'p thu 
song dai cua cac halogen la do chuyen mure n —» a*. 

6 cac phan tir hoac cac ion co lien ket doi se co chuyfen muc n -> n van -> n. 
Theo qui luat, chuyen muc n —> n co cudng do ldn, con n -> 7t* co cucmg do nho. 
Chang han d ion nitrit (N0 2 ), 2 van song dai la do chuyen muc n -> n (van d 355 
nm la do chuyfen muc ‘B, -» ’A,, van 287 nm la do chuyen mure ‘A 2 -> 'A,), con van 
song ngan d 210 nm la do chuyen mure 7t -> 7t*(‘B 2 —> ‘A,). Chuyen mdc n —> 7t* 
singlet va triplet d S0 2 the hien d 360 va 290 nm. 

Dang chu y la trong khi cac ion C10 4 , SO; - dupe dac trung bdi van ha'p thu 
rat manh d vimg tir ngoai thi ion MnO; va CrO; - lai dupe ha'p thu manh d vimg kha 
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kien. V'l a cac ion nay electron d khong con nen khbng th£ giai thich su xuat hidn 
mau la do sir chuydn muc d-d nhu ddi vori cac phurc chat cua kim loai chuydn liS'p. 
Cirong d 6 ldn cua cac van pho trong vung kha kien 6 cac ion nay phu hop vert chuydn 
mire kern chuydn dien tich (chuyen mire kem chuydn dien tfch thucmg co e £ 10 4 ). 
Mot each don gian, co thd xem chuydn mire kem chuydn dien tich 6 ion Mn 0 4 va 
QO 4 " nhu la sir chuydn electron n cua oxi vao obitan cua Mn hoac Cr. Cung co th£ 
m 6 ta chuyen mdc do nhu la su kich thich electron tir obitan phan tu n ma thuc chat 
la g 6 m tir cac obitan nguydn tu cua oxi, ldn obitan phan tu n* ma thuc chat la obitan 
nguydn tu cua kim loai. 


Bang 4.9. Hap thu dac trung cua mot so hop chat va ion vo co don gian 


Hop 

chat 

^max (niTl) 

^ma* 

Moi truang 

Ion 

(nm) 

^max 

Mdi 

truong 

h 2 o 

166,7 

1480 

khi 

OH' 

187 

5000 

H 2 0 

so 2 

360; 290 

0,05; 340 

khi 

SH" 

230 

8000 

h 2 o 

Ss 

275,0 

8000 

EtOH 

s 2 0f 

220 

4000 

EtOH 

F 2 

284,5 

6 

khi 


254 

22 

EtOH 

..Cl:. 

330,0 

66 

khi 

cr 

181 

10000 

H 2 0 

Br 2 

420,0 

200 

khi 

Br" 

199,5; 190 

11000; 

12000 

h 2 o 

I2 

520,0 

950 

khi 

I" 

226;194 

12600; 

12600 

h 2 o 

IC1 

460 

153 

CC1 4 

NO 2 

355; 187; 

23; 9 

h 2 o 

SC1 2 

304 

1150 

CC1 4 

210 

5380 


PI3 

360 

8800 

Et 2 0 

no; 

302;194 

7; 8800 

h 2 o 

Asl, 

378 

1600 

ete dau hoa 

n 2 o^- 

248 

4000 

EtOH 


Sir hap thu cua cac ion don gian nhu Br", Cl", OH" trong dung dich (bang 4.9) 
la co lien quan den chuyen muc kem chuydn dien tich ma 0 do electron chuydn tir 
ion den phan tu dung moi. Sir hap thu buc xa tir ngoai cua cac halogenua kim loai 
kiem (o trang thai tinh thd hoac khi) duoc giai thich la do duoi tac dung cua buc xa 
tir ngoai da xay ra su chuydn dien tich va tao thanh nguydn tir halogen va nguyen tir 
kim loai. Tuy nhien can phai tha'y ro rang su kich thich electron va su tao thanh cac 
nguydn tir kim loai va halogen la hai qua' trinh khac nhau. Boi vi su thay d 6 i nhiet d 6 
trong mot khoang rong tir 100 den 400"C it anh huong den pho ha'p thu cua kali 
bromua nhung lai anh huong dang ke den hieu sua’t luong tir cua phan ung tao ra cac 
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tarn mau. 6 100°C nguyen tir kim loai kh6ng dupe tao ra, con d 400°C hiu nhu m6i 
luong tir bi ha'p thu d£u tao ra mdt nguyen tu kim loai. CJ 0°C hieu suat luong tu la 
25%. Dieu do chumg to rang sir tao thanh nguyen tu kim loai la qua trinh thur hai, qua 
trinh nay phu thupc vao dao ddng nhiet cua mang ludi tinh the. Su dao ddng nhiet 
hoan toan hoac hau nhu hoan toan khong anh hudng tdi sir kich thich electron khi 
hap thu luong tu bite xa. Vay thi phan urng xay ra doi vdi cac halogenua kim loai 
kiem co th£ dupe m6 ta nhu sau: 

M + + X" + hv = (M\ X")* -> M + X 

6 day mot hoac ca hai san ph^m M va X co the 6 trang thai kich thich. Can luu 
y rang sir ha'p thu birc xa hv 6 phuong trinh tren co the xem nhu sir hap thu cua cap 
ion (M\ X - ) o' trang thai co ban chuf khPng phai la cua rieng ion nao trong cap do. 
Ngoai ra cSn phan biet vdi hien tupng lam nhuom mau ngon lua cua cac halogenua 
kim loai. Vi du muoi natri lam nhuom vang ngon lua, muoi dong lam nhuom xanh la 
ma ngon lua. Hien tupng nay la do su phat xa khi cac nguyen tu kim loai o trang thai 
kich thich vdi nang luong cao trd ve trang thai vdi nang luong thap hon. 

4.5.3. Hap thu tur ngoai - kha kien cua cac hop chat huu co don gian 

6 phan tu cac hgfp chat huu co thudng co cac obitan lien k6't cr, n, obitan khdng 
lien ket n (cap electron chua chia). Khi hap 
thu bite xa, mdt electron co the chuyen len 
cac obitan trong phan lien k6't o* hoac n. 

Cac chuyen mure tuong ung dupe ki hieu 
la o -> a\ 7i -> n, n —> :t‘, n -> a*... 

(hinh 4.23). 

Hinh 4.23 cho tha'y: chuyen mure cr 
—» o* dng vdi AE ldn nha't nen the hien d 
vung tit ngoai xa (X < 200 nm)\ chuyen 
mite n -» 7i” dng vdi AE nho hon ca nen 
thudng the hien d vung tit ngoai gan (200 - 
400 nm); cac chuyen mure n -» a* va n -> 

7t* neu d he co lap thi thudng the hien d 
ranh gidi giua vung tu ngoai xa va tur ngoai gan, nhung neu d cac he lien hop thi 
thudng chuyen sang vung tu ngoai g£n hoac vung kha kien (400 - 800 nm). Sau day 
se tom lupc su ha'p thu cua cac nhom mang mau don gian d cac hop chat huu co. 

a. Cac nhdm mang mau no 

• ft 

Cac nhdm mang mau (cromophore) no nhu C-H, C-C, -Q-, -*N\ , -S-, 
-halogen, chi chura cac lien ket a. De kich thich lien ket a c£n mot nang luong ldn 



Hinh 4.23. Nang luong tuong doi cua 
cac chuyen mure electron thudng gap 
d phan tu huu co. 
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(hinh 4.23). Vi the chuyen mure ct -> a’ thudng th£ hien d vung tu ngoai xa (bang 
4.10). Khi co cac di to nhu O, S, N thi xuSt hien them chuyfen mure n -* o’. Chuyen 
mure n -» o* the hien d bude song dai hon so vdi chuyen mure o -> o’, nhimg cung 
thudng nSm d vung ranh gidi gitfa tu ngoai xa va tu ngoai gan. Hip thu tu ngoai cua 
mdt so hop chat no dupe trinh bay d bang 4.10. 


Bang 4.10. Ha'p thu tu ngoai cua mdt s 6 hop chat no, A. m „, nm (e) 


Hpp chat 

• 

a —> a 

n -> a 

Hop chat 

• 

a -> a 

• 

n —► a 

ch 4 

125 (manh) 

- 

CH 3 OH 

150 (manh) 

183(200) 

c 2 h 6 

135 (manh) 

- 

ch 3 nh 2 

173 (manh) 

213(800) 

Octan 

165 (manh) 

- 

nh 3 

152 (manh) 

192(5700) 

Xiclopropan 

189 (manh) 

- 

h 2 o 

150 (manh) 

167(1500) 

CH 3 C1 

156- 161 (m) 

173 (200) 

c 2 h 5 oc 2 h 5 


188 ( 2000 ) 

CH 3 I 

150 - 210 (m) 

258 (380) 

CH 3 -S-CH 3 


228(620) 


b. Cac nhom mang mau khong no, khong lien hap 

ChuySn mdc n - it doi hoi mot nang lupng nho hon chuyen mire o -> o’ (hinh 
4.23). Vi vay, chuyen mire n -> n the hien a vimg ranh gidi giua tu ngoai xa va tu 
ngoai gan. Doi vdi cac nhom khong no chda di to nhu C=0, C=S, C=N, -N=N-, 
-N=0, -N0 2 thi ngoai chuyen mdc n-n co cudng do manh (e > 10 1 ) con co chuyen 
muc n —> n vdi cudng do yeu (s < 10 2 ). Chuyen mdc n -> n thudng thef hien 6 vung 
tu ngoai gan (bang 4.11). O mot so loai hpp chat, chuyefn mdc n -> n co thef dat tdi 
vimg kha kien, nhung vi cudng do yeu nen hpp chat thudng chi co mau rat nhat. Ha'p 
thu cua cac cromophore khong no khong lien hpp dupe liet ke d bang 4 . 11 . 


Bang 4.11. Ha'p thu cua cac nhom khong no khong lien hpp, (nm)/ e 


Nhom 

mang mau 

Thi du 

n -> n 

Nhom 

mang mau 

Thi du 

n -> n 

>C=C< ‘ 

ch 2 =ch 2 

165/16000 

-N=N- 

(E)CHj-N=N-CH } 

343/25 


(E)-CH,CH=CHCH, 

174/24000 

-N=0 

(CH,),-NO 

655/20 

-c=c- 

HC=CH 

173/6000 

>C=S 

CHj-CS-CH, 

460/yfu 


QHsOCH 

172/2500 

)oo 

CH 3 -CH =0 

293/12 

0 

II 

u 

/\ 

CH,-CO-CH 3 

187/950 

)C=0 

CH,-CO-CH, 

273/14 

)C=N 

CH,CH=N-OH 

190/8000 

>C=N 

CH 1 CH=N-OH 

279/15 

-no 2 

CH,-N0 2 

210/10000 

O 

2 

1 

(CH,-N 0 2 

278/10 


222 

















Bang 4.11 cho tha'y, cung mdt nhom mang mau nhung gSn vdi cac nhom the 
khac nhau se dan den su ha'p thu khac nhau. Chang han, cac nhom ankyl thudng gay 
ra su chuydn dich do do hi£u dng sieu lien hop cua chung. Vi the, cac hop chat chua 
mdt ndi ddi C=C vdi nhieu nhom ankyl thudng ha'p thu cue dai tir 180 - 190 nm. Thi 
du, ha'p thu cue dai cua A'-cholesten d 180 (lge 4,02), cua A 2 -cholesten d 180 
(lge 3,82), cua A 4 -cholesten d 193 (lge 4,00). Dong phan E thudng co X mix va 8 max ldn 
hon d6ng phan Z tuong urng. 

c. Dien va polien lien hap 

Khi hai nhom mang mau don gian lien hop vdi nhau se tao ra m6t nhom mang 
mau mdi ha'p thu o bude song ldn hon so vdi mdi nhom mang mau rieng biet. Hay 
la'y buta-l,3-dien lam thi du. Cac mure nang lupng cua cac obitan n d buta-l,3-dien 
va etilen dupe bieu di6n tren hinh 4.24. 



Obitan p Etilen But-l,3-dien 

Hinh 4.24. Chuydn mure electron (HOMO -> LUMO) d etilen va buta-l,3-dien. 

Ro rang rang chuyen mdc 7i -> n (tir HOMO len LUMO) d buta-l,3-dien 
(chuy^n mdc 2) dng vdi nang lupng nho hon d etilen (chuyen mure 1) do do the hien 
d bude song ldn hon. 

Khi cang co nhieu electron n tham gia lien hop thi khoang each giua cac mdc 
nang lupng cang giam, vi the sir ha'p thu cang dich chuyen v6 phia song dai. Thi du: 
buta-l,3-dien ha'p thu d 217 nm; hexa-l,3,5-trien ha'p thu d 258 nm. 6 day polien 
R(CH=CH) n R khi n tang thi ca A. max va e max deu tang (bang 4.12). 


Bang 4.12. Van ha'p thu d bude song ldn nha't cua mot so polien lien hop 



CH,(CH= 

CH) n CH, 

C 6 H S (CH= 

CH) n C 6 H s 

n 

^mix’ nm 

^max 

^max’ nm 

^max 

2 

227 

24000 

334 

48000 

3 

275 

30000 

358 

75000 

4 

310 

76500 

384 

86000 

5 

342 

122000 

403 

94000 

6 

380 

146000 

420 

113000 

7 

401 

- 

435 

135000 

8 

411 

- 

- 

- 
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Ha'p thu cua cac dien va polien con phu thuPc vao ciu true kh 6 ng gian cua 
chung. Thubng thi cac ca'u dang s-trans co nho hem nhung lai co 1dm hem 

ca'u dang s-cis, thi du: 


217/21000 



235/19000 


0 o 

239/3400 256/8000 


Cac nhom the dfnh vdi C mang nP'i doi cung lam tang gia tri X m „. Ching han, 
m 6 i nhom ankyl thuemg lam tang 5 nm, nhom RO- lam tang 6 nm, nhom RS- lam 
tang tdi 30 nm... 

d. Hap chat cabonyl lien hap 

Khi nhom cacbonyl lien hop v 6 i noi doi thi se tao thanh nhom mang mau 
cacbonyl-a,p-khong no: C=C-C=0. Nhom nay ha'p thu d bucrc song 1dm hem va 
cuemg d 6 manh hon so vefi m 6 i nhom C=C va C=0 dung rieng re. Chuy£n muc n -> 
7 t* cua hop chat cacbonyl a,p-khong no the hien boi mpt van ha'p thu y£u 6 khoang 
300 - 350 nm v 6 i e ~ 100. Van 7 t -> n the hien o bude song ngin hon nhung vdfi 
cuong do rat ldn e ~ 10 5 . Vi vay, van nay dupe khao sat kha kl va dupe su dung nhi 6 u 
trong nghien ciru ciu true. Khi tang them so noi dpi lien hop, hoac them cac nhom 
the vao cac nguyen tu C mang noi doi, gia tri >. „ deu tang len (bang 4.13). 

Cac axit a,P-khong no, va este cua chung (R-CH=CH-COOR’) ha'p thu a buofc 
song ngan hon nhidu so vdi cac andehit hoac xeton a, P-khong no tuong ung, ching 
han: 

ch 3 ch=ch-c-ch 3 ch 3 ch=ch-c-oh ^ 3“ ch=0 

O O 

114/9750 208/- 231/13180 217/10230 


Bang 4.13. Van hip thu n —> n dai nhat 6 day C 6 H,(CH=CH) n -CO-R trong metanol 


n 

R = 

= H 

73 

II 

n 

o 

X 

LA 

^maa* ^ITl 

^max 


^max 

0 

244 

12000 

254 

20000 

1 

285 

25000 

305 

25000 

2 

323 

43000 

342 

39000 

3 

355 

54000 

373 

46000 

4 

382 

51000 

400 

60000 
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6 cac hcrp chat loai quinon (o-quinon va p-quinon) thudng co hai van hap thu: 
van manh d budc song ngan hem ling vdi chuyen mure 7 t -» 71*, van yeu d budc song 
dai tori viing kha kien. Vi vay, cac hcrp chat chira nhom mang mau quinon deu co mau 
ro ret. Thi du: 


° Rr ° R, 

<»V 

o6 

ojjo 

NCHi 

0 

nc 6 h s nqh, 

it it 

0 0 

O Br Br 

o 

O 

o 

o nc 6 h 5 

Vang Vang 

Vang 

Ving 

Vang 

Do Do sSm 


e. Benzen va dan xuat cua benzen 

Khac han vdi hexa-l,3,5-trien (hap 
thu cue dai d 258 nm, e = 20000), benzen 
tao ra nhom mang mau kieu nhan thorn 
vdi 3 van hap thu. Van a (con goi la van 
B): ^ maJl = 254 nm/e = 204; van p (con goi 
la van K): 204 nm/e = 7400 va van P d 
184 nm/e = 60000. Ca ba van deu do cac 
chuyen mire 7t -» n tao thanh. Van a 
gom nhieu dinh pho gan nhau, ngudi ta 
noi no co cau tao tinh re'(hinh 4.25). 

Cac nhom ankyl gay anh hudng ft 
tdi su ha'p thu cua benzen. Nhom metyl 
gay hieu irng tham mau (chuyen dich do) 
khoang 7 nm, cac nhom etyl, isopropyl, 
tert- butyl gay chuyen dich ft hon. DiSu 
do cho thay ro vai tro cua hieu irng sieu 
lien hop cua cac lien ket C-H. 



Hinh 4.25. Pho UV cua benzen 
(trong heptan). 


Cac nhom the co cap electron chira chia hoac co chura lien ket 7t khi gan vao 
nhan benzen da md rong su lien hop, do do lam thay doi sir hap thu cua nhan benzen. 
Sir lien hop cang manh thi van hap thu K (204 nm) cang chuyen v£ phfa song dai va 
chuyen nhanh hon so vdi van B nen co khi che lap mat van B. Pho UV cua cac dan 
xuat don gian cua benzen thudng co dang giong nhu cua benzen (hinh 4.24) nhung 
gia tri 7. max thi dich chuyen ve phia song dai hon. Van hap thu manh nhat, van p, nam 
d viing tu ngoai xa la viing kho ghi dupe, vi vay d bang 4.14 dudi day chi neu ra cac 
van ha'p thu d viing tu ngoai gan. 
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Bang 4.14. Hap thu cua cac din xult the m6t lln cua benzen (R-C.H,) 


R 

^■max ! e 

(trong metanol hoac 
nude) 

R 

^m«x / e 

(trong metanol hodc 
nude) 

-H 

204/7400; 254 (204) 

-COOH 

230/11600; 273/970 

-Me 

207/7000; 261/225 

-COO' 

224/8700; 268/560 

-Cl 

210/7400; 264/190 

-NHAc 

238/10500 

-Br 

210/7900; 261/192 

-COMe 

246/9800; 278/1100 

-I 

207/7000; 257/700 

-CH=0 

250/11400 

-OH 

211/6200; 270/1450 

-c 6 h 5 

252/18300 

-OMe 

217/6400; 269/1480 

-no 2 

269/7800 

-O' 

235/9400; 287/2600 

-ch=chc 6 h 5 

296/29000 ( trans) 

-nh 2 

230/8600; 280/1430 

-CH=CHCOOH 

273/21000 (trans) 

X 

1 

203/7500; 254/160 

-ch=ch 2 

248/14000; 282/750 

-so 2 nh 2 

218/9700; 265/740 

-oc 6 h 5 

255/11000; 272/2000 

-CN 

224/13000; 271/1000 

-C=CH 

236/12500; 278/650 


g. Cac aren da vdng ngung ket 

Naphtalen, antraxen, naphtaxen, pentaxen... deu hip thu a budc song dai hon 
so vdi benzen. Khi so vong thorn ngung ket tang thi budc song hip thu cue dai tang 
len kha manh: naphtalen va antraxen la nhung chit khong mau, naphtaxen co mau 
vang con pentaxen co mau xanh. Cac van hip thu chmh cua mot vai aren ngung kdt 
kieu thing duoc neu ra dudi dly: 


OO 

coo 

OOGQ 

Q3GCQ 

220/95000 

253/210000 

270/100000 

580/12600 

276/5600 

356/8000 

480/11200 

- 

311/250 

380/7900 

(Mau vang) 

(Mau xanh) 


Pho electron cua cac aren ngung ket kieu khong thing nhu phenantren, cryzen 
bien doi phuc tap hon pho cua cac aren ngung ket kieu thing. Nhieu hop chit voi cac 
vong thorn ngung ket kieu khong thing duoc cho la co tmh chit gly ung thu. Ngucri 
ta phat hien nhirng luong rat nho cua chung bing quang pho electron nhd nhung v&n 
hap thu rlt manh va clu true tinh te rieng biet cua chung. 
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h. Hap chat di vdng tham 

S<5 Iirong cac hop chat di vong thorn da biet la rat lan va rat da dang, do do pho 
electron cua chung cung rat phong phu khong d£ trinh bay trong khuon kho cuon 
sach nay. Pho cua cac hcrp chat di vong don gian nhu furan, thiophen, pirol, piridin, 
co nhung net tuong tu vdi ph6 cua benzen: 



200/10000 - 210/15000 195/6000 204/7400 

250/1 235/4500 350/300 251/1770 254/204 


Ph6 electron cua indol, quinolin, isoquinolin cung co the so sanh vdi pho cua 


naphtalen 



H 


216/34670 
(266/5750) 
276/5750 
287/4790 
(trong etanol) 



225/40700 
277/5010 
295/5050 
313/5130 
(trong etanol) 



218/79000 
266/3900 
305/2000 
318/3000 
(trong CHC1,) 



220/95000 
275/5600 
283/3200 
311/320 
(trong etanol) 


i. Pham mdu huu ca 


Mot chat neu chi hap thu btrc xa 6 vung tir ngoai thi la chat khong mau. Neu 
chat ha'p thu 6 vung kha kien thi no co mau. Nhu tren da thay, khi trong phan tir co 
he lien hop cang rong thi A. max cang chuyen ve phia song dai (tuc vd phia vung kha 
kien). Vi the, de tao ra cac cha't mau lam dep cho cuoc song, can phai tong hop ra 
cac hop cha't co he lien hop rong va co nhung yeu to lam tang cucmg sir lien hop do. 

Cac cha't mau azo la loai pham mau tong hop duoc ung dung d6 nhuom vai spi 
som nhat. Phan tu loai hop cha't nay gom co nhom mang mau azo (-N=N-) lien hop 
voi cac nhan thorn, mot dau co chua nhom day electron, dau kia chua nhom hut 
electron, thi du: 


CH 

CH 


3\ 

/ 


N 


N0 2 


Mau do 



N=N ~^Q)~ N°2 


Mau do 
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De tang cuong su day va hut electron, nguoi ta con tao cho phan t£r cac nh6m 
mang dien tfch am hoac duong, thi du pham mau loai azometin co chua nhom mang 
mau “kieu cation” 


— 

R 2 N-(CH=CH) n -CH=NR + RI -> R 2 N-(CH=CH) n -CH = NR 2 I 

Khi thay cac nhom R 2 N a hai dau thanh cac nhan di vong, nguoi ta goi la pham 
xianin. Ph^m xianin chua nhan quinolin hoac benzothiazol dupe ung dung rong rai 
trong kT nghe nhiep anh. Khi dua nhung pham loai nay vao huyen phii cua phim, 
chung khong nhung lam tang do nhay cua phim ma con hap thu anh sang voi budc 
song xac dinh de tao mau vang va do cho phim (tuy thuoc vao s 6 nhom -CH=CH 
trong mach). Khi tang so nhom -CH=CH- len > 5, loai pham nay se ha'p thu chon 
loc tia hong ngoai vi the tao ra kha nang chup anh trong bong td'i (chup anh h6ng 
ngoai). 

Cac chi thi mau ma chung ta dung trong phan tich cung thucmg la cac pham 
mau huu co. Thi du, phenolphtalein, mot chi thi axit - bazo quen thuoc, la m6t axit 
yeu. Khi pH = 1 + 8 no 6 dang trung hoa, cac nhan benzen bi ngan each boi nguyen 
tu C sp 3, khong lien hop voi nhau lam cho su hap thu xay ra 6 vung tu ngoai nfin 
khong co mau. Trong moi trubng kiem, pH = 8 -r 12, do tac dung cua ion hidroxyl, 
phenolphtalein chuyen thanh dang anion, co nhom mang mau loai quinon lien hop 
voi ca 2 nhan benzen, vi the hap thu chuyen v6 vung kha kien va hop chat co mau do: 



Cac chi thi mau tham tren giay de do pH cung d6u la nhung chat huu co ma 
dang axit va bazo lien hop cua no co mau khac nhau, vi the tuy theo pH cua moi 
trudng ma no the hien mau nay hay mau khac nhcr lam chuyen dich can bang giura 
dang axit cua chi thi (Hind) va dang bazo lien hop cua no (Ind - ): 

Hind Ind - + H + 

6 day Hind va Ind" co mau khac nhau ro ret. Khi thay doi pH, can bang se 
chuyen dich, lam cho ti le nong do [Ind - ] / [Hind] thay doi, dan toi thay doi mau sac 
cua dung dich. 

4.5.4. Ghi va phan tfch pho phoi tu cua phuc chat 

Nhu da thay 6 tren, gia tri 8 cua cac van pho cua cac phan tu huu co cung co 
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cung thur bac vdi e cua cac van ph6 chuy&i dien tich (vao cd 10 1 - 10'). Vi v|y khi 
ghi ph6 cua dung djch phurc chat vdi nong do co 10" 1 - 10" 5 M se thu dupe pho ma 
tren do vira co cac van ph6 phd'i tu vira co ca cac van ph6 chuyen dien tich cua phire 
chat. Khi cac van do gan nhau, chung xen phii vao nhau lam cho pho trd nen kho 
phan tfch. Trong trudng hop khong tim dupe ph6 cua phoi tCr tu do tir cac tai lieu thi 
cSn phai ghi ph6 cua ph6i tu tu do tot nha't la trong cung dung moi nhu khi ghi pho 
cua phurc chat. Mac du cac van ha'p thu cua phoi tur tu do se khong giong nhu khi 
ph6'i trf, nhung su so sanh va su suy luan hop li se giup chi ra dupe van nao Crng vPi 
chuyen mure 6 phtfi tu, van nao urng vdi chuy6n mire kem chuyen dien tfch. Dudi day 
se dan ra cac vi du ve vi6c quy ket cac van ph6 phP'i tu d phire chat cua kim loai 
chuyen tiep. 

a. Pho hap thu electron cua cac phucc chat cis-diclorodiaminplatin(Il) 

Nham tim kiem cac chat kim ham su phat trien cua te bao ung thu, chung 
t6i da tdng hop mot s6 day phurc chat m-diamin khong thuan (h6n tap) co cong thurc 
chung [PtAmAm’Cl 2 ]. Cac van hap thu cua cac phire chat chua morpholin (Mor) va 
piperidin (Pip) loai [Pt(Mor)AmCl 2 ] va [Pt(Pip)AmCl 2 ] dupe liet ke 6 bang 4.15 va 
4.16. De tien so sanh va phan tfch, dudi mdi phire chat co ghi them van hap thu cua 
amin thorn d dang khong phoi trf, con chfnh morpholin va piperidin thi khong ha'p 
thu dang ke d vung >200 nm. Pho electron cua mot vai dai dien dupe trinh bay d 
hinh 4.26 va 4.27. 



Hirth 4.26. Pho hap thu tir ngoai cua mot so phurc chat 
[Pt(Mor)(Am)Cl 2 ] (bang 4.15). 
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Hinh 4.27. Pho hap phu tu ngoai cua mot so phuc [Pt(Pip)(Am)Cl 2 ] (bang 4.16). 


Bang 4.15. Cac van hap thu cua phuc [Pt(Mor)(Am)Cl 2 ] va cua amin tu do Am 


Hop chat 

Kf hieu 

X max (nm)/lge 

[Pt(Mor)(C 6 H 5 NH 2 )Cl 2 ] 

Ml 

205/4,55 

221/4,14 

278/3,20 

c 6 h 5 nh 2 



230/3,93 

280/3,15 

[Pt(Mor)(o-CH,C 6 H 4 NH 2 )Cl 2 ] 

M2 

206/4,35 

229/4,16 

276/3,15 

o-CH,C 6 H 4 NH 2 



233/3,9 

285/3,3 

[Pt(Mor)(p-CH,C 6 H 4 NH 2 )Cl 2 ] 

M3 

202/3,99 

225/3,80 

278/3,08 

p-CH,C 6 H 4 NH 2 



234/4,70 

291/4,06 

[Pt(Mor)(p-CH,OC 6 H 4 NH 2 )Cl 2 ] 

M4 

205/4,30 

226/4,05 

283/3,55 

p-CH 3 OQH 4 NH 2 



235/4,87 

299/4,27 

[Pt(Mor)(p-C 2 H,0C 6 H 4 NH 2 )Cl 2 ] 

M5 

207/4,46 

230/4,10 

283/3,52 

p-c 2 h,oc 6 h 4 nh 2 



234/4,90 

299/4,30 

[Pt(Mor)((x-C 10 H 7 NH 2 )Cl 2 ] 

M6 

<200 

224/4,18 

290/3,28 

a-C 10 H 7 NH 2 



242/4,6 

325/3,2 

[Pt(Mor)(C,H 5 N)Cl 2 ] 

M7 

206/3,90 

250/3,30 

289/3,10 

C,H,N (pyridin) 



215/- 

251/3,24 

[Pt(Mor)(C 9 H 7 N)Cl 2 ] 

M8 

204/4,75 

233/4,65 

318/3,94 

C 9 H 7 N (quinolin) 



225/4,61 

277/370 

295/3,70 313/2,71 

[Pt(Mor)(8-OC 9 H fi N)Cl] 

M9 

<200 

238/4,09 

270/4,20; 327/3.51' 

8-HOQHfiN (8-hidroxyquinolin) 



270/4,6 

305/3,5 420/1.8 

[Pt(Mor)(C 6 H,CH 2 CH 2 NH 2 )Cl 2 ] 

M10 

206/4,20 

259/2,20 

281/2,10 


230 















































































Cac amin trong 2 day phurc chat m-diamin khong thuan (h 6 n tap) cua platin(II) 
a bang 4.15 va 4.16 (trir Mor va Pip) d£u la cac amin co chura nhom mang mau kidu 
nhan thorn: da so co sir mo rong lien hop n do sir co mat cua cap electron ttr do tren 
nhom amino. Pho electron cua cac amin nay a trang thai tir do thircmg co 2 van ha'p 
thu cue dai. Van thur nha't 6 khoang 225 - 230 nm vdi lge: 3,09 -s- 4,93; van thur hai a 
280 - 299 nm vdri lge: 3,15 -r- 4,30. Doi vdi quinolin va 8 -hidroxiquinolin co den 4 
van pho tren viing rong tir 225 - 325 nm. Theo cac tai lieu ve pho thi tat ca cac van 
tren cua amin tir do d 6 u co nguon goc tir sir chuyen mdc 7 i —> n' trong nhom mang 
mau kieu nhan thorn. 

Tren pho cua cac phdc chat M1+M10 va Pl-rP10 da so d 6 u co van hap thu o 
khoang 202 - 216 nm vdi cudng do Ion (lge: 3,90 + 4,75). Khi so sanh voi pho cua 
phurc M0 va P0 (hinh 4.7) thi d 6 dang thay rang van pho do duoc gay ra bdi chuyen 
mire kern chuyfen dien tich tir Cl" den Pt 2+ . (Rieng doi vdi cac phurc chira 
a-naphtylamin va quinolin, van dac trung cho chuyen mure chuyen dien tich nay co 
le da chuyen dich ve viing duoi 200 nm nen da khong the hien tren pho). 


Bang 4.16. Cac van hap thu tir ngoai cua cac phirc [Pt(Pip)(Am)Cl 2 ] 


Hop chat 

Ki hieu 

(nm)/lge 

[Pt(Pip)(C 6 H 5 NH 2 )Cl 2 ] 

PI 

203/4,39 

223/4,17 

276/3,05 

c 6 h,nh 2 



230/3,93 

280/3,15 

[Pt(Pip)(o-CH,C 6 H 4 NH 2 )Cl 2 ] 

P2 

207/4,60 

228/4,02 

276/3,38 

o-CH 3 C 6 H 4 NH 2 



233/3,9 

285/3,3 

[Pt(Pip)(p-CH J QH 4 NH 2 )Cl 2 ] 

P3 

203/4,42 

228/4,13 

278/3,22 

p-CH 3 C 6 H 4 NH 2 



234/4,70 

291/4,06 

[Pl(Pip)(/?-CH,OC 6 H 4 NH 2 )Cl 2 ] 

P4 

202/4,52 

231/4,10 

284/3,65 

p-CH,OC 6 H 4 NH 2 



235/4,87 

299/4,27 

[Pt(Pip)(p-C 2 H,OC 6 H 4 NH 2 )Cl 2 ] 

P5 

205/4,36 

231/4,13 

283/3,46 

p-C 2 H,OC 6 H 4 NH 2 



234/4,90 

299/4,30 

[Pt(Pip)(a-C 10 H 7 NH 2 )Cl 2 ] 

P 6 


224/4,58 

289/3,80 

a-C 1 () H 7 NH 2 



242/4,6 

325/3,2 

[Pt(Pip)(C s H 5 N)Cl 2 ] 

P7 

207/3,87 

252/3,49 

290/3,18 

C 1 H 5 N (pyridin) 



215/- 

251/3,24 

[Pt(Pip)(C,H 7 N)Cl 2 ] 

P 8 


230/4,50 

313/3,76 

C,H 7 N (quinolin) 



225/4,61 

277/370 

295/3,70 

313/2,71 

[Pt(Pip)(C 6 H 5 CH 2 NH 2 )Cl 2 ] 

P9 

208/4,13 

262/2,3 


C fi H 5 CH 2 NH 2 



256/2,3 

264/2,2 

rPt(Pip)(QH,CH 2 CH 2 NH 2 )Cl 2 ] 

P10 

216/3,81 

260/2,40 

280/2,30 


231 




















































































Tru van pho chuyen dien rich ra, khi so sanh cac van ph6 cua cac phuc chit vdi 
pho cua cac Am khdng phdi tri (Am tu do) thi thiy co su khac biet ching nhung 6 s6 
lupng van pho ma con ca d budc song hip thu cue dai cung nhu cudng dd vin phd 
(bang 4.15, 4.16). Nhung sir khac biet do chdng to phd phoi tu cua phuc chit khic 
nhidu so vdi pho cua cac phoi tu tu do. Tuy nhien trir cac phde vdi pyridin vi 
quinolin ra, doi vdi cac phuc chit chda amin thorn loai benzen vin co su tucmg d6ng 
nhit dinh giffa cac vin hip thu cua phuc chit vdi cac vin hip thu cua ph6i tu tu do. 
Dua vao gia tri X m . dx va lge co the khing dinh ring cac vin hip thu vdi X m „> 220 nm 
deu thuoc chuyen mufc n —> n b nhin thorn cua phoi tu co chiu anh hudng cua su 
phoi tri. 

Su khac nhau nhieu ve pho electron cua pyridin va quinolin tu do vdi cac phuc 
chit M7, M8 va P7, P8 tuong ung la dang chu y. Nhu da biet phenantrolin la phdi tu 
nhin n. Chung toi cho ring d cac phuc M7, M8, P7 va P8 cung da xay ra chuyftn 
mufc kern chuyen dien rich td obitan d cua Pt(II) tdi obitan 7i* cua pyridin va quinolin 
(each nhau chi 1 lien ket don). Co le kieu chuyen mdc da lam nhiiu loan cac muc 
ning lupng cua he electron n cua pyridin va quinolin dong thdi cung giy nen nhung 
vin hip thu mdi. Nhu viy, vung pho tren 220 nm cua M7, M8, P7, P8 khdng nhung 
co nguon goc td phdi td ma con do chuyen mdc kern chuyen dien rich td Pt(II) tdi 
pyridin hoac quinolin. Trong do ngay ca nhdng vin pho cua phde chit tuong dng vdi 
nhung vin pho cua phdi tu pyridin hoac quinolin tir do cung it nhi6u chiu anh hudng 
cua chuyen mdc kern chuyen dien rich. Doi vdi cac phde khac, vi du Ml + M6, 
PI 4- P6, obitan d cua Pt(II) va he electron n cua nhin thorn each nhau 2 lien ket o 
nen khdng xay ra kieu chuyen mdc d-7idupc. 

Trudng hop cua [Pt(Mor)(8-OC 9 H 6 N)Cl] con phuc tap hon vi ngoai cac chuyen 
mdc nhu da neu d tren con co the xay ra chuyen mdc kem chuyen dien rich td 0" 
(cua 8-OC 9 H 6 N) tdi Pt(II). 
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Chuong 5 

PHITONG PHAP PHO DAO DONG 


5.1. DAO B0NG cClA PHAN TOvA SI J HAP THU BtfC XA H0NG NGOAI 

5.1.1. Dao dong cua phan tu hai nguyen fur 


Cac nguyen tu trong phan tu luon 6 trang thai dao dong khong ngung. Ket qua 
tfnh toan theo mo h'inh co hoc (hinh 5.1a) cho thay: tan so dao dong, v dJ , cua hai 
nguyen tu lien ket vdi nhau phu thuoc vao luc lien ket giua chung va vao khoi lupng 
cua chung theo bieu thCrc: 

Vjj= (5-1) 

6 day k la hang so lice hod tri (thudng goi la h^ng so luc) dac trung cho ban 
chat moi lien ket giua hai nguyen tu. Lien ket cang ben vung (nang luemg lien ket 
cang 16n) thl k cang 1cm, ch^ng han: 

k c = c > k c= c > ^c-c 

p la khoi luong rut gon, b^ng tlch khoi lupng hai nguyen tu lien ket chia cho 
tong khoi lupng cua chung: 



mjm2 
m| + m2 


(5.2) 


Bieu thuc (5.2) cho thay: khoi lupng rut gon p cang Ion khi khoi lupng cac 
nguyen tu tham gia lien ket cang Ion. 

Nhu vay, noi mot each gan dung, t^n so dao dong ti le thuan v6i do ben cua 
lien ket va ti le nghich voi khoi lupng nit gon tuc cung ti le nghich voi khoi luemg 
cua cac nguyen tu tham gia lien ket. 

6 m6i trang thai dao dong, khoang each r giua hai nguyen tu thay doi xung 
quanh gia tri can bang r G tir mot gia tri cue dai r max den mot gia tri cue tieu r min . Neu 
khi hai nguyen tir lai gan nhau (r < r 0 ) hoac ra xa nhau (r > r 0 ) ma the nang cua he 
deu tang nhu nhau thl dao dong goi la dieu hod. Duong cong the nang cua dao dong 
dieu hod la mot parabon co true doi xung la duemg thing di qua diem r u ung voi cue 
tieu cua the nang (duemg net dirt tren hinh 5.1b). 
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Theo co hoc lugng tu, doi vdi dao dong di£u hoa, nang lugng toan ph4n chi 
co the nhan mot day gia tri gian doan phu hop vdi bieu thurc (5.3): 


E dd = hv, 


dd 


fv^l 


(5.3) 


v dd la tan so rieng cua dao ddng (xem bieu thurc 5.1); 
v la so lugng tir dao dong, v = 0, 1,2, 3,...; h la hang so Plank. 

Bien thien nang lugng khi chuyen tu mot trang thai dao ddng nay len trang thai 
dao dong khac ngay tren no phai tuan theo bieu thurc (5.4): 

(5.4) 


AEjj = E v+1 - E„ = hv 


dd 


Vi AE = hv, suy ra v = v dd . Nhu vay, de chuyen tu trang thai dao dong ung v6i 
v len trang thai dao dong ling vdi v + 1 phan lit se hap thu bite xa co tan so v dung 


bang tan so dao dong rieng, v dd , cua no. 
(a) 00000000000 0 


0r OOOOOOOOOOO <b) 

r o 

a) 


Ar 






c) 



b) 


Hinh 5.1: 

a- Mo hinh co hgc phan tu hai nguyen tu (2 qua cau gdn ket bdi 1 16 xo); 

b- Dudng cong the nang va nhung muc nang lugng dao dong khong dieu 
hoa (dudng net lien) va dudng cong the nang cua dao dong di6u hoa 
(dudng net dut); 

c- Ca'u tao day co ban 6 pho dao dong cua phan tu hai nguyen tu; 

E d - nang lugng phan li lien ket. 

Trong thuc te, dao dong cua phan tu khong phai la dao dong dieu hoa. Khi hai 
hat nhan lai g^n nhau, lire tucmg tac giua chung tang nhanh hem so vdi khi chung rdi 
xa nhau. Do do, duong bieu dien the nang theo khoang each r se khdng ddi xung ma 
co dang giong dudng cong tinh theo phuemg phap Hetlo-Lcmdcm d6'i vdi phan tu 
hidro (dudng net lien tren hinh 5.1b). Sir chuyen tu mure dao dong thap nhat (ung vdi 
v = 0) len muc dao dong ung vdi v = 1 goi la chuyen mure co ban. No co xac suflit ldn 
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nha't nen c6 cucrng dp lan nha't (v, a hinh 5.1c). Chuy6n tir muc v„ len v 2 , v 3 ... co tan 
s 6 lorn hon (v 2 , v 3 ...) nhirng co cucrng do nho hon nhieu. Tat ca hop thanh mot day co 
ban (hinh 5.1c). 

Nhu vay, nguyen nhan phat sinh cac van pho hong ngoai chmh la do su chuyen 
mire dao dong cua phan tir dudi tac dung cua buc xa hong ngoai. Vi the, pho hap thu 
h6ng ngoai con ducrc goi la pho dao dong. 

Nghien ciiu If thuyet cho thay cucrng do hap thu h6ng ngoai lien quan true tiep 
den bien thien momen luong cue theo khoang each giCra 2 nguyen tir tham gia dao 
dong dp / dr. Doi vdi cac phan tu hoan toan doi xung nhu H 2 , 0 2 , N 2 ,... dao dong cua 
2 nguyen tu trong phan tir khong gay ra su bien doi ve momen luong cue, tuc la 
dp/dr = 0. Vi the cucrng do hap thu cung bang khong. Noi mot each khac, dao dong 
cua cac phan tir tren khong the hien tren pho hong ngoai. 

5.1.2. Dao dong cua phan tu nhieu nguyen tu 

6 cac phan tir co tir ba nguyen tir trd len, ngoai dao dong dan va nen doc theo 
true lien ket nhu d phan tir hai nguyen tu con co mot loai dao dong lam thay doi goc 
giua cac lien ket. Dao dong dan va nen doc theo true lien ket ducrc goi la dao dong 
hod tri va ki hieu bang chu v. Dao dong lam thay doi goc giua cac lien ket ducrc goi 
la dao dong bien dang va ki hieu bang chu 8, y, p... Viec lam thay doi goc giua cac 
lien ket thuemg d6 hon lam thay doi dp dai lien ket (tire dan va nen lien ket). Vi the, 
nang luong cua dao dong bien dang (va do do tan so cua no) thuemg nho hon nang 
luong cua dao dong hoa tri. Cac dao dong hoa tri va dao dong bien dang ducrc goi la 
dao dong co ban. 



O-O-O 


a) 


b) 


t 

o—o- 

I 

c) 


■o 

I 


d) 


Hinh 5.2: 

a- Dao dong hoa tri doi xung, v^; 
b- Dao dong hoa tri khong doi xiing, 

kdx . 
v OH ’ 

c- Dao dong bien dang kieu hai luoi 
keo, 8 hoh - 


Hinh 5.3: 

a- Dao dong hoa tri doi xiing, v£ x =0 ; 
b- Dao dong hoa tri khong doi xung, 

..kdx . 

v c=o > 

c, d- Dao dong bien dang 8 oco (suy 
bien); (+) len tren, (-) xuong 
duoi mat phing trang sach. 
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Trong trudng hcrp chung, neu phan tu co N nguyen tu. no se c6 3N-6 dao ddng 
ca ban. Thi du, so dao dong ca ban d phan tu H 2 0 la 3 x 3 - 6 = 3. Hinh 5.2 md ta ba 
kieu dao dong do. Trong trudng hap phan tu thang hang thi s6 dao ddng ca ban se la 
3N - 5, chang han a 0=C=0 seco3x3-5 = 4 dao ddng ca ban, trong do hai dao 
dong bien dang co nang Iupng nhu nhau, nen co tan s6 nhu nhau va dupe goi la dao 
dong suy bien. Hinh 5.3 mo ta cac dao dong ca ban a phan tu C0 2 . 

C) pho hong ngoai cua hai nude co ba van ha'p thu. Van v J J H the hien 6 3652 
cm' 1 , van cf 3756 cm -1 va van 8 HOH the hien d 1596 cm' 1 . Tren ph6 h6ng ngoai 
cua khi cacbonic, ngudi ta chi thay co hai van hap thu: van v^ d j 0 a 2349 cm' va van 
5 oco (suy bien) a 667 cm -1 . Con van v|~‘ =0 thi tha'y tren pho Raman a 1345 cm" 1 . 

Doi vdi cac phan tu phirc tap nhieu nguyen tu, so dao dong ca ban tang len rat 
nhanh. Cac dao dong trong phan tu lai tuang tac vdi nhau lam bien d6i lin nhau nen 
chung khong con tuang ling vdi tan so cua nhung dao dong ca ban nua. Vi the, thay 
cho viec phan tich ti mi ta't ca cac dao dong ca ban, ngudi ta dua vao quan ni6m “dao 
dong nhom". Quan niem nay xem dao dong cua cac lien ket rieng re, hoac cua cac 
nhom chuc nhu doc lap doi vdi cac dao dong khac trong toan phan tu (tuc la dao 
dong duac coi nhu dinh vi). Tren hinh 5.4 mo ta cac kieu dao dong dinh vj cua phan 
tu H 2 0 lien ket phoi tri vdi nguyen tu kim loai ma khong xet gi den tuang tac cua no 
vdi phan con lai cua phan tu phirc chat. 0 hinh 5.4, kieu dao dong a va b la dao ddng 
hoa tri, cac kieu khac la dao dong bien dang. Cac nhom nguyen tu khac nhu -NH 2 , 
CH 2 CC1 2 ... cung co cac kieu dao dong tuang tu nhu vay. 
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I 

M 

M 

1 

M 

1 

M 

1 

M 

1 

1 

0 

1 

0 

1 

0 

0 
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1 

0 
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/ \ 

/ \ 

/ \ 

/ \ 

/ \ 

H H 

H H 

H H 

H H 

H H 

H H 




+ 

+ + 

(a) 

(b) 

(c) 

(d) 

(e) 

(g) 


Hinh 5.4. Cac kieu dao dong dinh vi trong phan tu nude phoi tri: 
a- dao dong hoa tri doi xting ( Vq H ); b- dao dong hoa tri khong doi 
xirng ( Vqh ); c- dao dong ki6u hai ludi keo (5 H0H ); d- dao dong ki6u 
con lac (Phoh)i e_ dao d 0ng xoan (x H oh); g- dao dong quat (o) HOH ). 

5.1.3. Pho khuech tan to hap (pho Raman) 

Cung giong nhu pho hong ngoai, pho khuech tan to hap lien quan tdi chuydn 
dong dao dong va quay cua phan tu. Bdi vi qui tac chon loc trong phd khuech tan t6 
hap va trong pho hong ngoai la khac nhau, do do nhung thong tin nhan dupe tu ph6 
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khuech tan to hop thudng bo sung cho nhung thong tin tir phuong phap pho hong 
ngoai va cung ca'p cho ta nhieu dir kien If thu ve ca'u true. Vi vay can thiet phai xem 
xet nhung didm co ban ve pho khuech tan to hop. 

Su khuech tan thudng 

Anh sang di qua chat khi, chat long hoac chat ket tinh thudng bi nhirng phan tu 
cac moi trudng do lam khuech tan mot phan theo khap moi phuong. Anh sang khuech 
tan co cudng do yeu hon so vdi anh sang tori nhung phan ldn co bude song khong 
thay doi. Hien tupng khuech tan anh sang khong co su thay doi bude song (hay tan 
so) goi la su khuech tan thucmg hay khuech tan Rele (Rayleigh). Ket qua nghien cuu 
cua Rele (1871) cho tha'y rang cuong dp cua anh sang khuech tan ti le thuan vdi luy 
thira bac bon cua tan so anh sang. Do do trong anh sang khuech tan, phan bude song 
ngan cua quang pho co cudng dp Ion hon phan bude song dai. Tren co so do, ngudi 
ta giai thlch mau xanh cua nen trdi la do ket qua chuyen dich dp sang cua anh sang 
Mat Trdi vd phia bude song ngan khi no bi khuech tan bdi bau khi quyen cua Trai 
Da't. Mau xanh cua nude bien cung co the dupe giai thich mot each tuong tu. 

Su: khuech tan to hap 

Trong phuong phap pho khuech tan to hop, ngudi ta chieu vao mau mot chum 
anh sang don sac roi phan tich anh sang khuech tan d phuong vuong goc voi tia sang 
tdi (hinh 5.5a). Trudc day nguon don sac thudng dupe dung la cac den thuy ngan vdi 
cac kinh loc sac. Ngay nay ngudi ta thudng dung cac laser khi. Vi du laser heli - 
neon cho tia do d 6328A, laser agon cho cac tia d 4579, 4658, 4765, 4880, 4915, 
5145A (thudng dung vach Ar + d 4880 va 5145A), con laser kripton cho cac tia d 
5682 va 6471 A. Uu didm cua viec sir dung tia laser la dam bao tap trung cudng dp 
cao can thiet do do ma thu dupe pho tot ngay ca vdi nhung lupng miu ra't nho chua 
trong cac mao quan (hinh 5.5a). 

Trong anh sang khuech tan, phan ldn nhat khong thay doi tan so, nhung co mot 
phan nho bi thay doi tan so. Hieu ung dac biet nay goi la su khuech tan to hop hoac 
con goi la hieu ting Raman (Raman la ten nha vat li An Dp, mot trong nhung ngudi 
phat hien ra su khuech tan to hop). 

Noi dung cua hieu urng khuech tan to hop la nhu sau: neu chieu vao mot chat 
nao do mot chum tia sang don sSc co tan so v 0 va co cudng dp du manh thi trong 
quang pho cua anh sang khuech tan, ben canh vach khuech tan thudng ung vdi tan so 
v () khong doi (vach Rele), con co ca nhung vach khac yeu hon nhiPu dng vdi tan so v 
ldn hon hoac be hon v u va phan bo' doi xung ben nay va ben kia vach v () . Nhung vach 
do hop thanh pho cua anh sang khuech tan to hop (hay pho Raman) cua chat dupe 
chieu sang (hinh 5.5b). Tan so' cua cac vach khuech tan td hop co dang: v = v D ± v v . 
C) day v v bieu thi su chuyen dich cua tan so. Nhung vach co tan so' nho hon v D nghTa 
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la v_ = v u — v v goi la vach Xtoc (Stokes) hoac vach am. Nhung vach c6 tan s6 Idn hon 
v„ nghla la v + = v Q + v v goi la phan Xtoc (anti Stokes) hoac vach duong. 



a- So do nguyen If may pho Raman: 1- nguon sang; 2- maur 3-guong nhan d6i 
cudng do chum sang; 4- guong nhan doi cudng do anh sang khuech tan vudng goc 
vdi tia tdi; 5- khe cho anh sang khuech tan tdi bo phan phan giai; 6- khe cho cac hop 
phan pho tdi detector; b- So do su phan bo cac vach pho khuech tan to hop. 

Pho cua anh sang khuech tan to hop gom hai day vach, day Xtoc va day phan 
Xtoc, phan bo doi xung qua vach Rele trung tarn. Nhung vach Xtoc thudng co nhieu 
va d£ quan sat hon vi cudng do cua chung giam it theo so thur tu cua chung. Trai lai 
cudng do cua nhung vach phan Xtoc thudng yeu hon va giam nhanh khi sd thur tu 
tang, do do ngudi ta thudng chi quan sat dupe it vach thuoc day phan Xtoc. 

Nhung danh tir "Xtoc" va "phan Xtoc" la muon tir quang pho huynh quang vi 
co mot su giong nhau be ngoai giira hai dang quang pho do. Nhung c^n luu y r&ng 
khong co mot su tuong dong nao het giua ban chat cua hai hien tupng. Hien tupng 
huynh quang (flourescence) xay ra khi phan tu hap thu buc xa, chuyen sang mdt 
trang thai kich thich xac dinh, roi tir do trd ve mot trang thai nang lupng tha'p hon 
g&y ra su phat huynh quang. Su phat huynh quang chi co the kich thich dupe bang 
nhung burc xa ma chinh phan tu co the hap thu dupe. Con trong hien tupng khud'ch 
tan thl phan tir khong hap thu lupng tir anh sang, ma chi va cham vdi lupng tir anh 
sang. 

Trong su khuech tan thudng, lupng tir anh sang hv (1 va cham vdi phan tir va bi 
khuech tan cung vdi tan sd v u do. Su va cham nhu vay goi la va cham dan hdi. Trong 
su va cham dan hoi, phan tir d vao trudng tac dung cua vecto dien cua anh sang, khi 
do momen luong cue D bi kich thich va electron bat buoc phai dao ddng vdi tan sd 
cua anh sang. Momen dien dao dong nhu the lai phat nang lupng theo moi hudng, turc 
la khuech tan anh sang ma khong lam thay ddi tan sd cua no (khuech tan thudng). 
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Trong hidn tupng khud'ch tan td hap da xay ra sir va cham khong dan hoi nhir 
sau: phan tu a mire dao dong co ban nhan mot phan nang lupng cua photon va cham 
vdi no de chuyen len mure dao dong cao hon. Con photon bi mat mot phan nang 
luong va khuech tan vdi tan so v„ - v v . Trong trudng hop nay se tao ra day vach Xtoc 
(vach ^m). Neu phan tCr 6 vao trang thai dao dong kich thich ma va cham vdi photon 
co nang lupng hv ( „ no co the nhudng nang luong /iv v cho photon de trd vd trang thai 
dao dong co ban. Con photon sau khi va cham nhu the se nhan them dupe nang lupng 
va khudeh tan vdi tan so' v u + v v . Cac vach vdi tan so' v u + v v dupe goi la cac vach 
pham Xtoc. Theo dinh luat phan bo Bonzoman, so' phan tu d trang thai dao dong 
v = 1 it hon so vdi d trang thai v = 0. Vi the cudng do cua cac vach phan Xtoc thap 
hon nhieu so vdi cac vach Xtoc. 


Su khuech tan thudng cung nhu sir khuech tan td hop ddu la nhung qua trinh co 
hieu suat thap. Cudng do cua anh sang khuech tan thudng chi bang 10” 1 anh sang tdi, 
con cudng do cua anh sang khuech tan to hop thi chi vao co 10” 6 cudng do anh sang 
tdi. Vi the dd nghien curu anh sang khuech tan td hop can co nguon sang rat manh. 

Mot so dac diem trong pho khuech tan to hop 

Diem dac trung trong pho khuech tan to hop khong phai la tan so v cua cac 
vach khuech tan ma la su chuyen djeh cua nhung tan so do so vdi tan so v u cua buc 
xa kich thich, nghla la gia tri tuyet doi cua hieu |v - v () | = v r (v r goi la tan so Raman). 
Chinh dai luemg v r mdi dac trung cho chat nghien curu bdi vi trong da so trudng hop 
chiing thudng trung vdi nhung tan so dao dong rieng (v v ) cua phan tu chat khao sat 
va doi khi ca vdi tan so quay cua phan tu. Dieu nay la hien nhien neu ta chu y den 
nguon gdc cua su khuech tan to hop la do cac va cham khong dan hoi giua phan tir va 
photon nhu da neu d tren. Chinh vi vay tren phd khuech tan to hop (thudng goi la pho 
Raman) ngudi ta ghi true tiep cac gia tri v r cho cac van pho. 


Cung giong nhu trong phuong phap hong ngoai, tan so Raman thudng dupe 
bieu thi bang so' song va tinh theo don vi cm” 1 . Gia tri cua tan so Raman chi phu 
thuoc vao chat khuech tan ma khong phu thuoc vao gia tri v u cua birc xa kich thich. 
Nhu the pho khuech tan to hop cua mot chat se khong thay doi khi dupe kich thich 
bang bat ki mot buc xa v u chon tiiy y. Trong thuc te ngudi ta chon v„ d phan nhin 
thay cua quang pho va sao cho viec nghien ciru dupe thuan lpi nhat. Dieu nay co mot 
y nghla thuc tidn ldn, bdi vi bang each do chi can lam viec d viing anh sang nhin 
tha'y ma van thu dupe nhung thong tin ve su dao dong va quay cua phan tU ma le ra 
chi bang phuong phap pho hong ngoai mdi co dupe. 


Tuy nhien, pho khuech tan to hop va pho hong ngoai co nhieu net khac biet. Vi 
du co nhung t^n so xua't hien d pho nay ma khong xuat hien d pho kia. So dl nhu vay 
la vi qui tac chon loc trong hai trudng hop khac nhau. Muon ha'p thu birc xa hong 
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ngoai thi dao dong cua phan tu phai lam thay d6i mot each chu ki momen luong cue 
cua phan tu nghla la dp/dr * 0. Doi voi su khuech tan td hop thi di6u nay khdng bat 
buoc, chi can sao cho khi dao dong nang suat phan cue hoa a cua phan tu thay d6i, 
tire la da/dr * 0. Thanh ra nhung phan tu doi xung nhu H 2 , 0 2 . Cl 2 ... khPng c6 
momen luong cue, khong hoat dong trong pho hong ngoai nhung lai cho nhung vach 
trong pho khuech tan to hop. 

He qua quan trong nhat cua qui tac chon loc tren la: 6 phan tu co tarn ddi xung 
thi nhung dao dong doi xung se hoat dong trong pho khuech tan to hop ma khPng 
hoat dong trong pho hong ngoai con nhung dao dong nao khong doi xung qua tarn 
thi khong hoat dong trong pho Raman ma hoat dong trong pho h6ng ngoai. He qua 
nay co lpi hai mat. Mot mat, hai phuong phap pho tren se bo sung cho nhau. 
Chang han doi vdi phan tu C0 2 , ki£u dao dong hoa tri doi xung (hinh 5.3) khdng th£ 
hien tren pho hong ngoai, nhung lai xuat hien tren pho Raman d 1345 cm" 1 , hoac dao 
dong hoa tri cua lien ket C=C trong cac olefin hoan toan doi xung nhu etilen... cung 
chi th£ hien tren pho Raman ma khong thay duoc tren pho hong ngoai. Mat khac n£u 
thay cung mot van hap thu vua xuat hien tren pho Raman vira xuat hien tren ph6 
h6ng ngoai thi co the khang dinh rang phan tu chat nghien cuu khdng co tarn d6'i 
xung. 

Nhung su phan tich tren day cho ta thay la, tuy phuong phap pho hong ngoai 
cung cap cho cac nha hoa hoc nhieu thong tin hon, nhung phuong phap pho khuech 
tan t6 hop da b6 sung cho phuong phap pho hong ngoai nhung gi ma no khOng lam 
dupe. Dae biet la pho khuech tan to hop d6 dang ghi dupe nhung van pho 6 vung 
duoi 500 cm -1 (ung voi cac dao dong hoa tri kim loai - phoi tu) ma cac may ph6 IR 
thong thudng khong ghi dupe. Viec phoi hop nhung so' lieu cua hai phuong phap giup 
cho viec qui ket cac van pho dupe chinh xac va giup ich xii nhieu trong viec lua chon 
cong thCrc dung trong mot so cac cong thuc gia thiet. Hien nay phuong phap ph6 
khuech tan to hop da co nhung phat tri^n moi, do la viec dua vao bo phan phan tich 
su phan cue cua anh sang khuech tan ma ket qua quan trong la cho phep xac dinh 
van pho nao ung voi dao dong doi xung va khong doi xung. Ngoai ra, viec str dung 
nguon sang laser con tao ra mot ki thuat moi la phuong phap khuech tan to hop cong 
hudng rat co ich khi nghien cuu cac phan tu phuc tap. 

5.2. GHI VA BllrU DI§N PH6 H6NG NGOAI 

5.2.1. Ghi pho hong ngoai 

Duong cong bieu di6n su phu thuoc cua cuong do ha'p thu buc xa hong ngoai 
cua mot chat vao so song hoac buoc song chinh la ph6 ha'p thu hong ngoai, thudng 
goi don gian la pho hong ngoai, viet tat theo tieng Anh la pho IR (Infrared 
Radiation). 
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Sa d6 may ghi ph<5 h6ng ngoai 2 chum tia cung tucmg tu nhu so do may ghi pho 
tu ngoai - kha kie'n a hinh 4.4. Nhung di£m khac biet co ban la dung nguon phat btic 
xa h6ng ngoai va cac vat li6u khong ha'p thu hong ngoai a nhung ch6 can cho tia 
h6ng ngoai di qua. Cac vat lieu do lam tir cac tinh the muoi khong hap thu 6 viing 
h6ng ngoai nhu NaCl, KBr, AgCl, CaF 2 ... 

Cac may ph6 hong ngoai the he mdi dupe che tao theo ki£u bien doi 
Furie (Fourier) (Fourier Transformation Infrared Spectrophotometer = FTIR - 
spectrophotometer). 

C) may do hong ngoai bien doi Furie (hinh 5.6) ngufri ta khong dung bo tao don 
sac ma dung bo tao giao thoa (giao thoa ke) gom tu mot guong co djnh, guong di 
dong va bo phan chia chum sang. Buc xa hong ngoai sau khi ra khoi giao thoa ke se 
di qua miu roi den detector. Detector ghi nhan su bien doi cucmg do cua buc xa theo 
quang ducmg d ma guong di dong thuc hien duoc roi chuy^n thanh tin hieu dien. Khi 
do ta thu dupe tin hieu dudi dang ham cua dien the V theo quang dudng, V = f(d). 
Computer se thuc hien phep bien d6i Fourier de chuyen ham V = f(d) thanh ham cua 
cucmg do bde xa I theo nghich dao cua quang dudng d (tire d” 1 ). 

Bien doi Fourier _ 

V = f(d) -——-V = f(d *) 

(FT) 

Vi d -1 chfnh la so song v, do do thuc chat ta da thu dupe ham su phu thuoc 
cua cucmg do bde xa vao so song. Bo phan tu ghi se cho ra pho co dang giong nhu 
cac pho thu dupe tir may ph6 the he cu. 

May ph6 hong ngoai bien doi Fourier co uu diem hem hin may pho hong ngoai 
thudng. Viec dung giao thoa ke cho phep lam khe sang rong hem do do lupng anh 
sang thu dupe tren giao thoa ke se ldn hon nhieu so vdi tren bo tao dem sSc a may 
ph6 the he cu. Nhcr nguyen If hoat dong mdi, may pho hong ngoai bien doi Fourier 
lam giam dupe nhi6u, lam tang tin hieu. Do su dung computer nen viec do pho dupe 
tu dong hoa a mute do cao, ngoai ra ph6 con co the dupe luu tru va doi chieu vdi pho 
cua cac ch&'t co trong "thu vien" cua may. 

May pho hong ngoai co the do dupe cac m£u a the khi, long, rdn nhung thong 
thuemg nha't la miu dupe chuan bi 6 dang ran va dang long. Chat long dupe do o 
dang mang long hoac pha trong dung moi nhu CHC1 3 , CC1 4 ... Lucmg miu chi can tu 
5 -J- 10 mg la du. Co 3 each do miu a the rin. Don gian nhit la nghi6n nho mot vai mg 
chit nghien curu voi mot vai giot parafin long (nujol) sau do ep vua thu dupe giua 2 
tim NaCl. Nujol co tac dung lam giam su tan xa anh sang do nhung hat rin giy ra. 
Tren pho se co nhung van hip thu manh cua parafin 6 2850 - 2950 va 1350 - 1450 
cm -1 . Vi the d6 khao sat su hip thu cua cac nhom CH thi thay cho parafin long ngudi 
ta dung hexaclo butadien. 
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Hinh 5.6. So do nguyen If may phd hdng ngoai bien doi Fourier: 
1- nguon sang; 2- guong co dinh; 3- guong di dong; 4- bo phan 
chia chum sang; 5- mau; 6- detector; 7- computer; 8- ghi phd. 


Mot phuong phap thu|n lpi khac thudng dupe su dung la ep vien vdi KBr nhu 
sau: nghidn nho chat nghien cuu vdi mot lupng KBr ldn gap tir 10 - 100 lan r6i nen 
h6n hop trong may nen thanh nhung vien det. Vien thu duoc h£u nhu trong sudt va 
cac chat tron trong do duoc phan tan that dong deu. Co mot didu bat loi la KBr co 
tinh hut dm, do do tren pho thubng co van hap thu cua nude am o 3450 cm -1 . Dung 
KBr cung can luu y tori kha nang xay ra phan irng trao doi cation hoac anion trong 
trudng hop cac chat nghien cuu la muoi hoac cac phuc chat vo co. 

Ngoai ra nguefi ta con do pho cac chat ran 6 dang mang mong. Thucmg mang 
mong dupe chuan bi bang each lam nong chay chat nghien cuu hoac lam bay hoi 
dung moi tit dung dich chat nghien cuu (doi vdi nhung chat tao dupe mang). 

Do tuong tac gitJa cac phan tu, nen ph6 cua cung mot chat do trong cac mdi 
trudng khac nhau se co nhung net khac nhau. Vi vay d6 so sanh cac chat hoac dfi 
nghien cuu anh hudng cua cac yeu to ca'u true phan tu tdi su thay d6i tan so dac trung, 
rut ra nhung nhan dinh \t ca'u true, ngudi ta c£n phai chu y tdi moi trudng ghi phd. 

5.2.2. Bieu dien phd hong ngoai 

6 pho hong ngoai, true nam ngang bidu didn so song (tinh ra cm" 1 ) doi khi 
dung bude song (tinh ra pm, 1 pm = 10" 6 m), true thang dung bieu dien cucmg d6 
ha'p thu. O hinh 5.7, true nam ngang phia tren bieu dien bude song X tinh ra pm, true 
nam ngang phia dudi bieu dien so song. Bude song va so song (tinh ra cm" 1 ) lien he 
vdi nhau bdi bieu thurc v = 1/A. (A. tinh ra cm). True thang dung thi bieu dien phan 
tram truydn qua. De tranh phai dung nhung con so ldn chi tan so, trong phuemg phap 
phd IR ngudi ta dung so song (cm' 1 ) nhung theo thoi quen van goi la “t^n s6", chung 
ti le thuan vdi nhau. 
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% truydn qua la ti s 6 ph£n tram cua cucmg dd btic xa sau khi truyen qua ldrp 
chat ha'p thu (I) so v6i cudng dd btfc xa trudc luc di qua ldrp chat ha'p thu (IJ: 

% truyen qua = • 100 (6.5) 


Ddi vdi mdt birc xa da cho, chat duqc goi la hap thu manh (cucmg do hap thu 
ldm) khi % truyen qua co gia tri nho. 

K pm 



Cung co loai may pho hong ngoai ghi pho dudi dang su phu thuoc cua dd hap 
thu (A, bieu thurc 4.4 muc 4.1.2) vao so song. Khi do, giong nhu d6'i vdi pho UV-Vis, 
vdi mot bdc xa da cho, chat duoc goi la ha'p thu manh khi do ha'p thu co gia tri lom. 

Su ha'p thu hong ngoai cua mdt chat thucmg tap trung vao nhumg vung hep tao ra 
cac van hap thu, thf du: tren hinh 5.7 co rat nhieu van hap thu nhu van a, b, c, d, e, g, h... 

Cung giong nhu doi vdi van pho UV-Vis, van pho h6ng ngoai co ba dac trung 
lien quan tdi ca'u true phan tu can duoc mo ta la: 

Vi tri cua van pho duoc chi bdi bude song hoac s6' song cua dinh pho (mui cue 
dai cua van phoV Ngay nay, nguoi ta thucmg dung s6' song (tinh ra cm -1 ), vi s6' song 
va tan so ti le thuan vdi nhau, nen theo thoi quen nguoi ta van goi chung la tan so. 
Thi du: cf hinh 5.7 van a co 2 dinh pho b -3300 va 3200 cm -1 , van b co dinh pho 6 
-1590 cm -1 , van c co dinh pho o -1410 cm -1 . 

Ctfdng do cua van pho: b vung hong ngoai, djnh luat ha'p thu (bieu thurc 4.4) 
khdng duqc tuan thu nghiem ngat nhu b vung tCr ngoai - kha kien, gia tri do ha'p thu 
thudng kho lap lai voi cac may pho khac nhau. Vi vay, rat it khi ngudi ta tinh duqc 
chuan gia tri 8 (he so ha'p thu mol) de dac trung cho cucmg do van pho. Cuong do van 
ph6 h6ng ngoai thucmg duqc danh gia theo dien tich cua van pho: van pho cang rong 
va cang cao thi co cucmg do cang 1dm. D6'i voi nhumg van pho co chieu rong gan nhu 
nhau thi van nao cao hem van do manh hem. Vdi muc dich phan tich ca'u true ngudi ta 
chi danh gia cucmg dq van pho mot each tuong doi theo ba mure do: manh (m), trung 
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binh (tb) va y£u (y), vi the nhung van ph6 co do truy£n qua (% truyfcn qua) nho (dp 
hap thu ldn) la nhung van manh va ngupc lai. Thi du, a hinh 5.7, cac van a. b. c, d la 
nhung van manh, cac van e, g la trung binh, cac van h. i. I la van yPu. van k tuy 
khong cao nhung lai rong nen khong the xem la van y£u. 

Hinh dang van pho: Nhu da tha'y tren hinh 5.7, cac van ph6 co hinh dang rat 
khac nhau ma n^u chi dung dinh ph6 thi khdng noi h€Tt dupe. m6 ta van ph6 h6ng 
ngoai, ngudi ta can chi ro do la van ph6 rong (tu) hay hep (manh), chi co mdt dinh 
hay co nhieu dinh pho, hoac vai pho (giong nhu doi vdi van ph6 UV-Vis). Thi du: 
van a la van rong, co 2 dinh pho (la do 2 van pho canh nhau hop thanh) va co 2 vai 
pho 6 3450 va 2850 cm -1 (la do dao dong hoa tri cua nhom OH va CH gay n6n); van 
b la van rong va co mot vai ph6; cac van e, g, h, i la nhung van manh (hep). 

Ba dac trung cua van ha'p thu hong ngoai thuong dupe ghi van tat, thi du, van a: 
3300 va 3200 cm -1 , m, rpng, co 2 vai pho 6 3450 va 2850 cm 1 ; van b: 1590 cm -1 , m, 
rong, vai pho o ~1700 cm '. 

5.3. HAP THU H6NG NGOAI CCA CAC HOP CHAT V0 CO VA PH0C CHAT [91,96] 

5.3.1. Bieu do tuong quan 

Tan so dao dong nhom cua cac hop chat vo co va phde chat don gian dupe dan 
ra a cac hinh 5.8 - 5.12. Dao dong cua nhom M-X (M la kim loai, X la cac phi kirn 
khac nhu O, N, S, halogen...) thuemg the hien 6 vung tan so tha'p (duori 600 cm’ , c6 
khi tdi 100 cm -1 ). Vi th£ khi nghifin cuu cac hop chat v6 co, nd'u may ph6 IR khdng 
do dupe vung t£n so tha'p do thi nen bo sung boi pho Raman. 
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6 cdc hinh 5.8 - 5.12 cung nhu trong phircmg phap pho hong ngoai, ngucri ta 
thucrng sir dung 2 he thP'ng kf hieu. 6 he thPng thd nha't, di liet ke cac gia tri t^n so 
cua cac van ha'p thu ngucri ta dung kf hieu v„ v 2 , v 3 ... Dao dong dd'i xumg co tan sP 
cao nha't dupe ghi la v„ dao dpng dP'i xumg co tan so tiep theo dupe kf hieu la v 2 ... 
Khi h^t cac dao d6ng doi xting thi chuyen sang cac dao dong khong doi xdng va 
cung danh sd' theo thur tu giam dan tan s6'. Vf du doi voi phan tu C0 2 (hinh 5.3 muc 
5.1.2) dao dpng hoa tri dPi xumg th£ hien o 1345 cm -1 (tren pho Raman) dupe kf hieu 
la V|, dao dpng bien dang (dPi xurng va suy bien) dupe kf hieu la v 2 (v 2 = 667 cm -1 ), 
con dao dpng hoa tri khong doi xumg dupe ghi la v 3 (v 3 = 2349 cm -1 ). 



fSOO 1000 500 0 an' 1 

Hinh 5.9. Tan so' dao dpng hoa tri cua cac nhom chua halogen. 

He thong kf hieu thur hai chi ro van hap thu la do dao dpng co ban nao gay nen. 
6 he thong nay, dao dpng hoa tri doi xung dupe kf hieu la v s , dao dpng hoa tri khong 
doi xumg dupe kf hieu la v B , dao dpng bien dang la 8, dao dpng bie'n dang doi xumg 
la 8 . bie'n dang suy bie'n la 8 d . Dao dpng bien dang ngoai mat phang dupe kf hieu la y 
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hoac n. Dao dong con lac duoc kf hieu la p r (hoac p), dao d6ng quat - Po> (hoic don 
gian la co), dao dong xoan ki hieu la p T (hoac don gian la x). 
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Hinh 5.10. T^n so dao dong hoa tri va bien dang cua cac nhom chura oxi. 
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Hinh 5.11. Tan so dao dong hoa tri va bien dang cua cac ion v6 co. 
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Hinh 5.12. T5n sd dac trung cua mot so phurc chat vdi phoi t£r don gian. 

(Doi vdi phtic chat co dau *, chi ra khoang t£n so cua phirc chat 
chira phdi t£r dung luong phdi tu hai hoac c£u ndi). 

5.3.2. Pho dao dong va cau true hop ch£t vo co 

Doi vdi cac phan tu khong qua phtic tap, dua vao li thuyet ve sir doi xdng va 
cac bang dac bidu ngudi ta co the xac dinh duqc cac dao ddng co ban cua phan tu. 
Chang han phan tu ZXY, neu thuoc nhom diem C, v se co 6 dao dong co ban nhu chi 
ra d hinh 5.13. 



V 4 (E) 



VjCM 


V/E) 


Hinh 5.13. Cac dao dong co ban d phan tu ZXY, nhom diem C, v . 

Mot hop chat vdi cong thurc thuc nghiem NSF, co the co mot so ca'u true khac 
nhau ung vdi nhung nhom diem khac nhau: 
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K6't qua tinh toan cho thay 6 cac cau true C 2V va C s se co 9 dao ddng co ban 
hoat d6ng tren pho hong ngoai, con d cau true C, v chi co 6. Thuc nghiem cho tha'y a 
pho IR cua NSF, co cac van hap thu sau: 

Ki hieu: v, v 2 v, v 4 v, v fi 

T£n so (cm -1 ): 1515 775 521 811 429 342 

Di£u do chirng to phan tu thuoc nhom C 3V - Viec lira chon gifla 2 ca'u true NSF, 
va SNF, dua vao nhirng phan tich sau day. Tein so dao d6ng hoa tri v F . N trong NF, la 
1031 cm -1 do do van v = 1515 cm” 1 nen qui cho dao dong cua nhom SN. Theo edng 
thurc 5.2, mot each gan dung, chap nhan gia tri hang s6 lire k c , c thay cho gia tri k N-s , 
ta tha'y tan s 6 1515 cm” 1 phu hop voi nhom N=S hon la N-S. Pho vi song cho tha'y 
hop chat co momen quan tinh nho, tuc la nguyen tu S phai nam o gan tarn cua kh6i 
diem. Nhu vay cac ket qua thuc nghiem cho tha'y hop chat co ca'u true N=SF V 

Tuong tir nhu each lam tren day, nguoi ta da xac dinh ducrc rang phan tu C10,F 
co doi xung C, v tire la co ca'u true FCIO, chir khong phai F0C10 2 . 

6 pho hong ngoai va pho Raman cua N 2 0 4 khong co mot van ha'p thu chung 
nao, dieu do chirng to no phai co 1 tarn doi xirng (xem muc 5.2.3). 

Viec phan tich pho IR va pho Raman cua B 2 (OCH,) 4 cho tha'y ca 2 nguyen tu 
bo va 4 nguyen tir oxi deu nam tren ciing 1 mat phang. Cac van hap thu B-B va B-0 
tren pho IR va pho Raman deu khong triing nhau (chirng to 6 nguyen tu nay co tarn 
doi xirng). Cac van dao dong cua nhom CH, va -O-C deu tuong tu voi tan s6 cua 
chung 6 hop chat B(OCH,),. So van hap thu co ban quan sat thay phu h<^) voi c£u 
true C 2h hon la cau trlic D 2d . 

Viec dira vao pho dao dong de xac dinh cau true cac hop chat gap phai mdt han 
che la so cac van pho phat hien duoc tren pho thuc thuong it hon so vdi tinh toan dua 
vao su doi xirng. Nguyen nhan la do nhieu van pho co cuong do qua nho nen khong 
the tha'y duoc. Vi du nhu doi v6i phan tu SF 4 co the co 3 ca'u true vdi so cac dao ddng 
hoat dong trong pho IR va pho Raman tinh dupe nhu sau: 
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Sd dao ddng hoat dOng trong phd IR: 

S 6 dao ddng hoat ddng trong phd Raman: 


T d C 2V Cj V 

4 9 6 

4 9 6 


6 phd thirc cua SF 4 co 5 van ha'p thu hdng ngoai va 5 van khuech tan td hap. 
Didu do da ngoai trir dirge cdu true T d , nhimg viec chtrng to rang hap chat co ca'u true 
C 2V thi ngoai viec phan tich ti mi phd dao dong, con c£n su phoi hap vdi cac phuang 
phap vat If khac, vi du phuang phap cong hudng tir hat nhSn chang han. 


Phd hdng ngoai la mot phuang phap huu hieu de phat hien nude trong cac muoi 
v6 ca. Cac phan tu nude do co the la nude ket tinh hoac nude phoi tri. Giua hai loai 
do khong co mot gidi han nghiem ngat. Nude ket tinh la loai nude lien ket trong 
mang ludi tinh thd bdi lien ket hidro yeu vdi anion hoac bdi lien ket phoi tri yeu vdi 
ion kim loai, hoac bdi ca hai. Con nude phoi tri thi d han trong cau phoi tri thu nha't 
cua kim loai nen lien ket manh han vdi ion kim loai. 


Noi chung nude ket tinh ha'p thu d vitng 3550 - 3200 cm -1 (dao dong hoa tri doi 
xumg va khong doi ximg cua lien ket OH) va d vung 1630 - 1600 cm - ' (dao dong 
bien dang cua HOH). Neu do pho vdi do phan giai cao thi co the tha'y dugc ca'u tao 
tinh vi cua nhung van ha'p thu do. Vi du d pho cua CaS0 4 .2H 2 0 ngudi ta tha'y co 8 
dinh ha'p thu d vung 3500 - 3400 cm -1 . Nude ket tinh cung ha'p thu ca d vung tan sd 
tha'p (600 - 300 cm -1 ). Do la dao dong xoan cua phan tu nude gay nen. 


De nghien cuu pho hong ngoai cua nude phoi tri, cung giong nhu doi vdi cac 
phoi tu NH„ N0 2 ... ngudi ta dung mo hinh dan gian 1:1, nghla la 1 ion kim loai : 1 
phoi tu. Nhu v$y, doi vdi M-OH 2 ngoai 3 dao dong ca ban cua phan tu nude tu do se 
con xua't hien nhung dao dong ca ban khac: do la dao dong quat, dao dong xoan, dao 
dong con lac (hinh 5.4), dao dong hoa tri cua lien ket M-O. Theo tinh toan thi dao 
dong quat, dao dong con lac va dao dong hoa tri M-0 th6 hien tuang ung d 900, 770, 
670 cm -1 . Tuy nhien nhung tan sd do rat nhay cam vdi do b6n cua lien ket phoi tri va 
lien ket hidro trong tinh th6, vi v$y viec qui ket phai het sue than trong. 


5.4. HAP THU H6NG NGOAI CClA CAC HOP CHAT HCTU CO [92, 93, 94] 

Ngay nay phuc chat chua cac phoi tu huu ca va cac phirc ca kim dugc nghien 
cuu rat rdng rai. De phan tich pho hong ngoai cua chung nha't thiet phai nam vung 
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hap thu hong ngoai cua cac loai hop chat huu co thPng thucmg nhir trinh bay a ph$n 
dudi day. 

5.4.1. Tan so dac trung nhom 

Theo quan niem dao dong nhom, nhung nhom nguyen tir giong nhau trong c£c 
phan tir co ca'u tao khac nhau se co nhung dao dong dinh vi the hien a nhumg khoang 
tan so giong nhau. Nhung tan so ung vdi cac dao dong nhom rat co ich trong vide 
nhan ra cac nhom nguyen tir trong phan tir, vi vay dupe goi la tan so dac tnfng nhom. 
Bang 5.1 dan ra tan so dac trung nhom cua mot so nhom nguyen tir, a do cucmg d6 
van pho dupe vidt tat nhu sau: m (manh), tb (trung binh), y (ydu), bd (bidn d6i). 0 
cac bang tiep sau se noi chi tiet hon vd hap thu cua cac nhom nguyen tu 6 cac loai 
hop chat khac nhau. 


Bang 5.1. Tan so dao dong hoa tri cua cac nhom nguyen tir thucmg gap. cm 


Nhom 


V 

Nhom 

V 

Nhom 

V 

Nhdm 

V 

O-H 


3650 - 200, bd 

OC 

-2200,y 

C=0 

1850-1650,m 

C-C 

< 1400, bd 

N-H 

C-H, 


3500 - 2900, tb 

3300 - 2700, bd 

ON 

C=C=C 

-2200,y 

- 1950 

c=c 

C=N 

- 1650,tb- y 
- 1650, bd 

C-N 

C-O 

(bi£n d6i) 

S-H 


~ 2550,tb-y 

N=C=0 

- 2250 

N=N 

- 1550, bd 

C-M 

800 - 300 
* 

P-H 

Hal-H 

~ 2400, tb 

2100- 4000, bd 

X=Y=Z 

-2100 

N=0 

C=S 

1450-650, bd 

1450-1550, bd 

M-Hal 

600 - 200 


6 bang 5.1 mdi ghi chi tan so dao dong hoa tri cua cac nhom, dao dong bififn 
dang cua chung the hien a viing tan so tha'p hon so vdi dao dong hoa tri. Hinh 5.14 
cho thay su phan bo tuong doi cac van ha'p thu ung vdi dao ddng hoa tri va cac dao 
dong bien dang cua mot so nhom nguyen tir trong vung pho hdng ngoai thucmg dupe 
su dung de nghien cuu cau true phan tu (200 - 4000 cm -1 ). 

4000 3500 3000 2500 2000 1500 1000 500 200 an 

-1-1-1- i -1-1-1-1-i-1-1_1_1_1 I 1 I I 1 I ■ 



^- Vung nhom choc - '- Vung van ngon tay- 

Hinh 5.14. So dd phan bd cac van ha’p thu cua cac nhom nguyen tu thucmg gap. 
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# 

Vung ph6 tir 1500 den 4000 cm -1 chtia cac van hap thu cua hau het cac nhom 
churc nhu OH, NH, C=0, C=C, C=N... nen duoc goi la vung nhom chuc. Vung pho 
dudi 1500 cm -1 phurc tap han va thudng dung dd nhan dang toan phan tur hem la xac 
dinh cac nhom clitic cua no. Vi the, vung nay duoc goi la vung “van ngon lay". 

5.4.2. T£n so hap thu cua cac lien ket don vdi hidro 

C) muc nay se trinh bay chi tiet tan so hap thu cua cac lien ket dem vdi hidro, 
turc cac lien ket X-H trong do X la C, O, N... D6 thuan tien cho doc gia khi su dung, 
cac sd lieu duoc dua ra dudi dang bang kern theo nhtrng ghi chu c^n thiet. Cac t^n so 
ghi trong cac bang dudi day deu tinh ra cm -1 , con cudng do thi viet tat nhu sau: 
m (manh), tb (trung binh), y (yeu) va bd (bien doi). 


Bang 5.2. Nhom CH no 


Nhom 

Tdn so 

Ki hieu 

Ghi chu 

-CH,' 

>ch 2j ’ 

-CH 


2960 - 2850 (m) 

2890 - 2880 (y) 

V CH 

V CH 

Thuang hai hoac ba van 

CH vong 3 canh 

-CH 2 - Halogen 

~ 3050 (y) 

V CH 

Trung voi vung CH anken 

-CO-CH, 

-CHO 

3100 - 2900 (y) 

2900 - 2700(y) 

V CH 

V CH 

Thudng rat yeu 

Thudng 2 van, mdt 6 ~ 2720 cm -1 

-OCH-, 

-o-ch 2 -o- 

2850 - 2810 (tb) 

2790 - 2700 (tb) 

V CH 

V CH 

Aryl ete 6 tan so cao 

Ankyl ete 6 tan sd tha'p 

N-CH, 

n-ch 2 


2820 - 2780 (tb) 

V CH 


-CH, 

-CH 2 


1470 - 1430 (tb) 

^CH 

Dao ddng bien dang 

-CH, 

^C(CH,) 2 

-C(CH,), 

1390 - 1370 (tb) 

~ 1380 (tb) 

1395 - 1385 (tb) 

1365 (m) 

S CH, 

Dao ddng bien dang doi xung 

-O-CO-CH, 

-CO-CH, 

1385 - 1365 (m) 

1360 - 1355 (m) 

5 CH, 

Cudng do manh thong trj vung pho nay 

^CH 2 

~ 720(y) 

Pch 2 
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Dao dOng hoa tri a nhom CH 2 va CH, c6 the la ddi xumg hoic khdng ddi xung: 


v H 

C 

/ *H 

/.H 
-C)— H 
<"'H 

-cr* h- 

v!^ x ~ 2925 

v dx ~2850 

v^ x ~ 2960 

v ( dx ~ 2870 (cm -1 ) 


Dao ddng bien dang cua cac nhom CH Z , CH, co nhidu kieu: bidn dang phang, 
bien dang khdng phang, bien dang kieu con lac, kieu quat, kieu xoan... dang chu y 
hon ca la cac t£n so sau: 


'V H) 

/ x h) 

o"lirdi k£o" 

5 ch 2 

~ 1465 


/ H) 

c 

/ V H) 


\ 


p"con lac" 

CH, 

-720 


*H 

c—H© 

^kdx 
'"CH 
~ 1460 


.v 




C H © 

"o, J 

"H 


5 dx 

CH 

1380 (cm ) 


Lien ket C-C hdp thu 6 vung van ngon tay, thuong ydu va tan sd thay ddi do 
anh huong cua tuong tac dao dong nen khdng co gia tri thirc te. 


Bang 5.3. Nhom C-H khdng no va C-H thorn 


Nhom 

T£n sd 

Kf hidu 

Ghi chu 

-C=C-H 

~ 3300 (m) 

V =CH 

• 

^C=CH 2 

3095 - 3075 (tb) 

v =CH 2 

Ddi khi bi che phu bdi van v,^ no 

"C=CH- 

3040 - 3010 (tb) 

V =CH 


Aryl-H 

3040 - 3010 (y) 

V CH thorn 

Thudng hay bi che phu 

tt ans-RCH=CHR 

970 - 960 (m) 

Ych 

Dao ddng bi£n dang khdng phang. 

Khi lien hop vdi C = O a 990 cm’ 1 

cis-RHC=CUR 

730 - 675 (tb) 

Ych 


r-hc=ch 2 

995 - 985 (m) va 

Ych 



940 - 900 (m) 



r 2 c=chr 

840 - 790 (tb) 

Ych 


Aryl-H 

900 - 700(bd) 

Ych 

Dao ddng bi£n dang khdng phing 


Nhom CH khdng no va CH thorn co the duqc phan biet voi CH no bdi vi chung 
thucmg ha'p thu a tan so tren 3000 cm -1 , con CH no - duoi 3000 cm -1 . Tuy nhien. do 
cudng dd nho hon nen hay bi che phu bdi van CH no, hoac cac van NH, OH c6 
cudng do ldn hon rat nhieu. 
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Bang 5.4. Nhom OH ancol va phenol 


Nh 6 m 

TSn s 6 

Ki hieu 

Ghi chu 

-OH tu do 

3650 - 3590 (bd) 

V OH 

Thucmg nhon 

-OH lien keft hidro 

3600 - 3200 (m) 

V OH 

Thucrng tu. Lien ke't hidro cang 
manh, tcin sd cang giam 

-OH lien keft hidro n 6 i 
phan tir 

3200 - 2500 (bd) 

V OH 

v OH cua axit cung 6 vung nay 

H 2 0 trong dung djch 

3710 

3600 - 3100 (y) 

V OH 

V OH 


H 2 0 ket tinh (mlu ran) 

1640- 1615 (y) 

^OH 


H z O im 

3500 - 3450 

V OH 

Vet nuoc trong KBr gay m 6 t van 
r 6 ng a 3450 cm ” 1 

C-O-H 

1410- 1260 (m) 

^OH 

Tang khi co lien ke't hidro 

-C-OH 

1150- 1040 (m) 

v c-o 


Dao dong hoa tri cua nhom NH doi khi cung a lan trong vimg cua nhom OH 
lien ket hidro. Nhimg do khuynh hudng tao lien ket hidro yeu nen van hap thu cua 
NH thucmg nhon. Hon nfla van NH thucmg yeu hon va ngay ca trong dung dich loang 
cung khong the hien d tan so cao gan 3600 cm” 1 nhu OH. O vung 3600 - 3200 cm" 1 
co the thay van hoa am yeu cua van v c=0 manh. 

Van OH lien ket hidro cua ancol, phenol va axit co the bao triim ca vimg hap 
thu cua van v CH vircrt qua cac van nay tori tan 2500 cm” 1 . 


Bang 5.5. Nhom NH cua amin, imin, ion amoni va amit 


Nhom 

TSn s 6 ' 

Kf hieu 

Ghi chu 

-NH 2 

(amin bac mbt) 

- 3490 (tb) 

~ 3400 

kdx 

V NH 

v dx 

..Y.M.H. 

O amin bac m 6 t thucmg co hai van 
ha'p thu 

> NH 

3450 - 3300 

..Ymh. 

0 amin therm cao hem 6 amin beo 

-NH 2 , NH 
(lien ke't hidro); 

3300 - 3000 

V NH 

Khi c 6 lien ket hidro lien phan tir, van 
ha'p thu manh va phuc tap. 

=NH 

3500 - 3300 (tb) 

. y.m. . 

6 pirol va indol van ha'p thu thucmg nhon. 

-NH 3 

(aminoaxit) 

-NH 3 

(rnudi cua amin) 

3130- 3030 (tb) 

~ 3000 (tb) 

V NH + 

Do a the ran 

Co the co vai van r 6 ng a 2500 - 2000 

/NH 2 

7 NH + va sNH + 

2700 - 2250 (tb) 

V NH + 

Do a the’ ran. Thucmg r 6 ng do co van 
hoa am. 
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Bang 5.5. (tiep theo) 


Nhom 

Tin sd 

Kf hieu 

Ghi chu 

-conh 2 • 

- 3500 (tb) va 
- 3400 (tb) 

V NH 

Ndu do 6 thi rin, hoac cd lien kit hidro 
thi giam di ~ 150 cm -1 , thudng c 6 vii van 
d 3200 - 3050 cm * 1 

-CO-NH- 

3460 - 3400 (tb) 

3100 - 3070 (y) 

V NH 

Thudng co hai van rieng, d lactam chi c 6 
mdt van. 6 th£ rin se giam xudng. 

Tha'y 6 th£ rin 

-nh 2 

1650 - 1560 (tb) 

5 NH 

Bie'n dang ki£u hai ludi keo 

>NH 

1580- 1490 (tb) 

^nh 

Thudng rit ye'u 

-NH 3 

1600(m); 1500(m) 

5 nh + 


>NH£ 

1600 

S NH + 



Khi co lien ket hidro, tan s6 v NH amit giam ft hon so vdi 6 nhom OH. Cudng dd 
cua van v NH amit cung tha'p hem so vdi v OH . Cac van dao ddng bidn dang NH amit 
thudng yeu nen it co gia tri su dung. Amit bic mot va ca amit bic hai khi do d dang 
ran thudng cho tir 2 den 4 van a vung tir 3300 - 3100 cm -1 . Ngoai nhirng van do dao 
dong hoa tri doi Xung va khong ddi xung, cac van con lai co thd duac sinh ra do edng 
hudng Fecmi hay to hop dao ddng. 


Bang 5.6. Cac nhom X - H khac 


Nhom 

Tin sd 

Kf hieu 

Ghi chu 

-SH 

2600 - 2550 (y) 

V SH 

Ye'u hon v OH va ft bi anh hudng 
cua lien ket hidro. 

-PH 

2440 - 2350 (tb) 

V PH 

Nhon. 

0=P-OH 

2700 - 2560 (tb) 

VOH 

Lien ket hidro. 

R-D 

Bing tin sd cua RH tuong 
ling chia cho 1,37 


Ri't co ich khi quy kit cac van RH 


5.4.3. Tan so hap thu cua cac nhom lien ket ba va lien ket doi lien 

Cac nhom lien ket ba va lien ket doi lien hap thu d vung 2400 - 1900 cm -1 . 

Nhom —C=C va -ON khi lien hop vdi noi doi C=C hoac noi ba OC thi tin s6 
giam di nhirng cucmg do tang len, con khi lien hop vdi nhom> C=0 thi tin sd it bi 
anh hudng. Cac nhom^ C=G. va -OC- doi xung hoac gan doi xung thudng khong 
hoat dong trong pho hong ngoai, tin so cua chung duoc xac dinh tir phd khudeh tan 
to hop. 
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Bang 5.7. Cac nhom lien ket ba 


Nh 6 m 

T£n s 6 

Ki hi 6 u 

Ghi chu 

-C=CH 

2140-2100 (y) 

v c=c 



~ 3300 (tb) 

< 

III 

O 

SC 


-C=C- 

2260- 2150 (bd) 

v c=c 

Rat y£u, nha't la khi g£n d 6 i xung 

-ON 

2260 - 2200 (bd) 

V C=N 


+ 

R-N = N 

-2260 

V Nj 

Mu 6 i diazoni 

R-S-ON 

2175 -2140 (m) 

V C-N 

Aryl thioxianat 6 tan s 6 cao, con ankyl 
thioxianat 6 dau tha'p cua tan s 6 


Bang 5.8. Cac n6i doi lien 


Nhom 

Tan s 6 ' 

Ghi chu 

o=c=o 

Cacbon dioxit 

2349 (m) 

Co the xua't hiOn 6 nhidu phd do chat luong do 

-N=C=0 

(/.soxianat) 

2275 - 2250 (m) 

Cucmg d 6 rat manh; vi tri khOng bj anh hudng 
boi lien hop. 

-N 3 (azit) 

2160-2120 (m) 


-N=C=N- 

(Cacbodiimit) 

2155 -2130 (m) 

Cucmg d<5 ra't manh 

>c=c=o 

(Xeten) 

- 2150(m) 


-N=C=S 

(/sothioxianat) 

2140- 1990 (m) 

Van r 6 ng va ra't manh 

R 2 C=N + =N” 

(Diazoankan) 

- 2100 (m) 


>C=C=N- 

(Xetenimin) 

- 2000 (m) 

• 

c=c=c 

(Allen) 

- 1950 (tb) 

Nhom alien dau mach hoac lien hop v 6 i nhom 
hut electron thuong co 2 van. 


Cac so lieu neu trong bang tren dirge rut ra tir mot so tuong doi it hop chat dai 
dien cho cac loai k6 tren. 

Cac nhom X=Y=Z thuong ha'p thu manh va cung la he co tuong tac manh giua 
cac lien ket tuong tu nhau 6 g&n nhau lam cho tan s6 dao dong doi xung va dao dong 
khong doi xung phan each nhau xa hon. 
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5.4.4. Tan so hap thu cua nhom cacbonyl 

Van ha'p thu cua nhom cacbonyl luon co cucrng do manh va la m6t van die 
trung rat co ich trong nghien ciru ca'u true. O bang dirdi day se li&t kd cac loai hop 
chat cacbonyl theo thti tu giam dan v c=0 cua chung. Chu y rang van ha'p thu cua 
nhom cacbonyl (v c=0 ) luon la van manh. 


Bang 5.9. Anhidrit axit, clorua axit va este 


Nhom 

Tan s 6 

Ghi chu 

Anhidrit axit -CO-O-CO- 

No 

1850- 1800 (m) 
1790- 1740 (m) 

Hai van thuang each nhau - 60 cm" . 
Van thtr nha't manh hern a anhidrit 
khOng v 6 ng, van thtr hai manh han cr 
anhidrit v 6 ng 

Thom va a, /?-kh 6 ng no 

1830- 1780 (m) 
1770- 1710 (m) 


Vong 5 canh no 

1870 - 1820 (m) 
1800 - 1750 (m) 


Tat ca cac loai 

1300 - 1050 (m) 

M 6 t ho|c 2 van do dao d 6 ng hoi tri 
cua nh 6 m C-O- 

Clorua axit -COCI 

1815 - 1790 (m) 

' 

No 

Thom va a, P-kh 6 ng no 

1790 - 1750 (m) 

Florua axit cao hem, cbn bromua va 
iotua axit tha'p han. 

Peoxiaxyl -CO-O-O-CO- 



No 

1820 - 1810 (m) 
1800- 1780 (m) 


Thom va a, p-kh 6 ng no 

1805 - 1780 (m) 
1785 - 1755 (m) 


Este va lacton -CO-O- 



No 

1750- 1735 (m) 


Thom va a, P-kh 6 ng no 

1730 - 1715 (m) 


Aryl va vinyl este 
(R-C0-0-C=C) 

1800- 1750 (m) 

v c=c cung tang 

>CCl-C0-0- 

1770- 1745 (m) 


-CO-CO-O- 

1755 - 1740 (m) 


Lacton ^ 6 canh 

tirang tu este tuemg ung 

Lacton 5 canh 

1780 - 1760 (m) 


Lacton 4 canh 

~ 1820 (m) 


Lacton P, y-khdng no 5 canh 

~ 1800 (m) 


P-Xeto este o dang enol lien ket 
hidro 

~ 1650 (m) 

Van v c=c thuemg a ~ 1630 (m) 

Tat ca cac loai 

- 1300- 1050 

Thucfng manh, do la van v^q 
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Bang 5.10. Andehit va xeton 


Hap chat 

Tan s<5 

Ghi chu 

Andehit 

-CHO 


v CH andehit 2700 - 2900. Cac tan sd 
ghi trong phan nay do trong dung dich 
ndn se trir di 10-20 cm -1 neu do a the 
long hoac ran; se c6ng them 20 cm -1 
neu do a the hoi. 

No 

1740- 1720 (m) 

Khi co lien ket hidro n6i phan tir se 
giam xud'ng 

Thom 

1715 - 1695 (m) 

1655 - 1625 cm -1 

a, (3 - khdng no 

1705 - 1680 (m) 

(h.III. 19) 

a, P-; y, 6- kh6ng no 

1680- 1660 (m) 


P - Xeto andehit a dang enol 

1670 - 1645 (m) 

Lien ket hidro n6i phan tir dang vong 

Xeton 

>C=0 


Trir di 10-20 cm -1 neu do a th£ long 
hoac ran. C6ng them 20 cm' 1 neu do a 
the hoi. 

No 

1725 - 1705 (m) 


Thom 

1700- 1680 (m) 


a, p-kh6ng no 

1685 - 1665 (m) 


a, P, a’, P’ - khdng no va 
diaryl 

1670 - 1660 (m) 


Xiclopropyl 

1705 - 1685 (m) 


Xeton vong £ 6 canh 


Tuong tu nhu xeton mach ha tuang irng 

Xeton vong 5 canh 

1750 - 1740 (m) 


Xeton vong 4 canh 

~ 1780 (m) 


a-Halogen xeton 

1745 - 1725 (m) 


a, a’- Dihalogen xeton 

1765 - 1745 (m) 


1,2-Dixeton s-trans 

1730- 1710 (m) 

v c=0 khong d6'i xung 

1,2-Dixeton vong 6 canh 

1760 va 1730 (m) 


1,2-Dixeton vong 5 canh 

1775 va 1760 (m) 


o-Amino hoac 
o-Hidroxi aryl xeton 

1655 - 1635 (m) 

Tha'p do lien ket hidro n6i phan tu 

Quinon 

1690 - 1640 (m) 

v c=c thuang a ~ 1600 cm - * 

Tropon 

1650 (m) 

Co the xu6'ng den 1600 cm -1 do lien 
ket hidro nhu trong tropolon 
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Bang 5.11. Axit cacboxylic vh amit 


Nhom 

TSn s 6 

Ghi chu 

Axit cacboxylic 

-COOH 

3300 - 2500 (m) 

Van v OH lien kdft hidro la mOt van rdng th£ 
hien 6 3300 - 2500 cm -1 , thuong c6 cue dai 6 
viing - 3000 cm" 1 va xen lan vao vung v c _ H 
(h.III.21) 

No 

1725 - 1700 (m) 

v c=0 tu do a ~ 1780 cm”' nhung it khi quan 
sat tha'y. D6i khi xua't hien 2 van: van 
monome (tu do) va dime (lien kdft -H). 

a, (3-khong no 

1715 - 1690 (m) 

Trong dung dich loang, dung m6i tro 

Thom 

1700- 1680 (m) 


a-Halogen 

1740- 1720 (m) 


Ion cacboxylat 



-CO, 

1610- 1550 (m) 

Dao d6ng hoa tri khOng d6i xung 


1420 - 1300 (m) 

Dao dbng hoa tri d6'i xirng a-Aminoaxit hap 
thu a t£n s6 cao hon 

Amit 



-CO-N< 


V NH Y* S NH ... .. 

Bac mol -CO-NH, 
Trong du.ig dich 
o th£ ran 

Trong dung dich 
a th£ ran 

-1690 (m) 

- 1650 (m) 

- 1600 

- 1640 (m) 

Van amit I (v co ) 

Van amit II (8 NH ) 

Van amit I thuong manh hon van amit II (6 
th£ ran van I va II co th£ che phu nhau) 

Bac hai -CONH- 
Trong dung dich 

6 th£ ran 

Trong dung dich 
a th£ ran 

1700 - 1670 (m) 
1680 - 1630 (m) 

1550- 1510 

1570- 1515 

Van amit I 

Van amit II chi co 6 amit mach ho 

Bac ba -CON< 

1670 - 1630 (m) 

Vi khfing co lien ket hidro n6n gidng nhau 6 
dung dich va the ran 

Khong no 
R-CO-N-C=C va 

C=C-CO-N 


N6i d&i C=C lam tang v co len 15 cm -1 so vdri 
khi khfing co n6i d6i 

Lactam 

Vdng 6 canh 

Vdug 5 canh 

Vdng4 canh 

- 1670 (m) 

- 1700 (m) 

- 1745 (m) 
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Bang 5.12. Mot so din xult khac cua axit 


Nh6m 

Tin s6 

Ghi chu 

Hidrazit 

-co-nh-nh 2 

-CO-NH-N=C 

1675 - 1695 (m) 
1685 - 1710 (m) 

Do d th£ rln (s6 lieu do chung t6i thu 
duoc bang thuc nghidm) 

Imil -CO-N-CO- 

Vdng 6 canh 

Vong 5 canh 

1710 va-1700 (m) 
1770 va -1700 (m) 

NIu co nhom a, p-kh6ng no thi tang 
them 15 cm" 1 

Ure N-CO-N 

RNH-CO-NHR 

V6ng 6 canh 

Vong 5 canh 

- 1660 (m) 

- 1640 (m) 

- 1720 (m) 


Uretan 

R-O-CO-N 

1740 - 1690 (m) 

Khi khOng c6 hoac co m6t nhom the' 6 
N thi xult hien van amit II 

Thioaxit va thioeste 

RCOSH 

- 1720 (m) 

a, P-kh6ng no va aryl thi giam di 
25 cm 

RCOS-ankyl 

- 1690 (m) 


RCOS-aryl 

- 1710 (m) 



Cudng do hap thu. Nhom cacboxyl d axit hip thu manh hon so vdi este, d este 
manh hon so vdi xeton va andehit. Amit hap thu gin vdi xeton nhung cudng do thay 
d6i nhi£u hon. 

Vi tri van v co . Anh hudng cua clu tao den vi tri van v co co the tom tit nhu sau: 

a) Nhom X trong he RCO-X cang am dien th) tin so cang tang. 

b) Nhom a,p-khong no ha thlp tin so tir 15 - 40 cm -1 , tru trudng hop amit lai 
tang tin so them 15 cm" . 

c) Sir lien hop xa hon vi tri a, p chi gly hieu ung yeu. 

d) Nhung vong co sue cang lam tang dang k6 tin so du de phln biet giCra cac 
vong 4 canh, 5 canh va > 6 canh thuoc loai xeton, lacton, lactam (vong > 6 canh hip 
thu d tin so giong nhu herp chit mach ho tuong tu). 

e) Lien k^t hidro d nhom cacbonyl lam giam tin so 40 - 60 cm -1 . Tin so v co 
khi do d th^ rln thudng thlp hon d trong dung dich loang. 

g) Thudng co cong tmh khi mot vai yeu to cung anh hudng den v co . 
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5.4.5. Tan so hap thu cua cac lien ket doi C=C, C=N, N=N va N=Q 


Bang 5.13. Anken 


Nhom 

T5n sd 

Ghi chu 

>C=C< 


( v ch S CH xem muc 6.4.2) 

Khong lien hop 

1680- 1620 (bd) 

Thudng tb hoac ye'u va rit y£u khi 
anken g5n ddi xirng 

Lien hop vdi nhan thorn 

~ 1625 (tb) 

Manh hon so vdi khdng lien hop 

Dien va trien 

1650 (m) 
va 1600 (m) 

Van 1600 thudng manh hon va cd the 
xen lin vdi van 1650 cm’ 1 

Lien hop vdi nhom cacbonyl 

1640 - 1590 (m) 

Thudng yeu hon so vdi van v ro 

Enol dang este, ete va 
enamin 

1690 - 1650 

Khi lien hop vdi CO t£n sd giam 


Cac nhom the day electron lam tang tan so hap thu con cac nhom hut electron 
lam giam tan s 6 hap thu. Khi anken hoan toan doi xung thi v c=c khdng hoat dong tren 
phd hong ngoai ma hoat dong tren pho Raman. 


trans -Anken hap thu kem hon c/s-anken, nhung dau hieu de phan biet chung la 
d tan so y CH (muc 5.4.2). 

Anh hudng cua kich thudc vong den v c=c cung giong nhu den v c=0 . Khi kich co 
vong giam, tim so hap thu cua noi doi huong ra ngoai vong (exo, ngoai vong) tang, 
con tan so cua noi doi o trong vong (noi vong) thi giam. Khi sue cang vong tang thi 
v CH tang chut it. 


Bang 5.14. Aren va di vong thorn 


Nhom 

TSn so 

Ghi chu 

Nhan thorn 6 canh 
(dao ddng khung) 

~ 1600 (tb) 

v c=c thorn va v c=N thorn cung th£ hien 6 
virng 1500-1600 cm' 1 nen khong phan biet 
dupe 


~ 1580 (tb) 

Cudng dd tang khi lien hop 


~ 1500 (tb) 

Co cudng do Ion hon hai van kia 

Dao dong bien dang khong phang cua cac nguyen tut H abenzen the (y ai thorn) 

5H ke lien 

770 - 730 (m) va 
720-680 (m) 

Mot nhom the’ 

4H ke lien 

770 - 735 (m) 

Hai nhom thd d vi tri ortho 

3H ke lien 

810 - 750 (m) 

3 nhom the d vi tri 1,2,3 

2H ke lien 

860 - 800 (m) 

2 nhom the d vi tri para 

H co lap 

860 - 800 (y) 

2 nhom the d vj tri met a... (thudng khdng 
du manh de xet doan) 
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Ha'p thu cua cac hop chat tham the hien a nam vung: vung 1600 - 1450 cm 1 
co the co hai hoac ba van do dao d6ng hoa tri cua cac lien ket cacbon-cacbon, 
cacbon-nito trong nhan gay nen (dao dong khung). Nhung van nay la dac trung cho 
cac nhan thorn loai 6 canh nhu nhan benzen, nhan piridin. Vung tiep theo tu 1225 - 
950 cm -1 hau nhu khdng co gia tri xet doan. Vung du6i 900 cm" 1 co cac van dao 
d6ng bien dang ngoai mat phang cua cac lien ket CH thorn (y CH ). Vung nay co the 
giup xet doan ve so luong va vi tri cac nhom the. Tuy nhien, vi nhung van y CH thorn 
khong phai la nhung van duy nha't, tham chi cung khong phai la nhung van manh 
nha't trong vung nay, cho nen viec xet doan theo bang 5.14 cdn phai het sue than 
trong. Vung th6 hien thu tu cua cac hop chat thorn la vung 2000 - 1600 cm -1 . 6 vung 
nay thuemg xua't hien van hoa am va van to hop cua hop chat thorn. Do la cac van rat 
yeu nen cung it duoc su dung. Vung 2950 - 3100 cm" 1 co cac van v CH thorn da de 
cap 6 bang 5.2. 


Bang 5.15. Cac nhom >C=N, -N=N-0va -N=0 


Nhom 

TSn s 6 

Ghi chu 

>C=N- 

1690- 1640 (bd) 

Kho quy ket vi cucmg d6 thay d6i rat 

a, P-kh6ng no 

1660 - 1630 (bd) 

nhi6u va trung vdi vung v c=c , v c=Q . Oxim 
thuemg ha'p thu rat yd'u 

d) he vong lien hop 

1660- 1480 (bd) 


-N=N- 

~ 1575(bd) 

Rat yeu hoac kh6ng hoat d6ng 

-N = N - 
1 

~ 1570 


1 

O- 



c-no 2 

~ 1560 (m) va 

v N=Q k.d.x. Khi lien hop giam -30 cm -1 

(nitro) 

-1350 

v N=0 d6'i xung. Khi lien hop giam -30 
cm -1 

-o-no 2 

1650 - 1600 (m) va 


(nitrat) 

1270- 1250 (m) 


n-no 2 

1630- 1550 (m) 


(nitramin) 

1300- 1250 (m) 


C-N=0 

1600- 1500 (m) 


-0-N=0 

1500 - 1430 (m) 


-N + -O thorn 

1300- 1200 (m) 

Van rat manh 

-N + - O” beo 

970 - 950 (m) 


NOJ 

1410- 1340 

860 - 800 
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5.4.6. Hap thu trong vung van ngon tay 


Bang 5.16. Hap chat chtia luu huynh (co dua them ca vung nhom chuc) 


Nhom 

Tan so 

Ghi chu 

-S-H 

2600 - 2550(y) 

v SH ye'u hem v OH va ft bi anh huong cua 

>c=s 

1200- 1050 (m) 

lien ke't hidro 

-CS-NH- 

~ 3400 

v NH , khi a the ran -3150 cm 

(thioamit) 

1550- 1460 (m) 

5 nh (van amit II) 


1300- 1100 (m) 

v c=s ( v ^ n am ‘ l I) 

>S=0 

1060- 1040 (m) 


>S0 2 

1370 - 1310 (m) 

1180 - 1120 (m) 


-so 2 -o 

1420 - 1330 (m) 

1200- 1145 (m) 



Bang 5.17. Hap chat chtia photpho 


Nhom 

T^n sd 

Ghi chu 

P-H 

2440 - 2350 (m) 

Nhon 

P-Ph 

1440(m) 

Nhon 

P-O-ankyl 

1050 - 1030 (m) 


P-0-. tyl 

1240- 1190 (m) 


P=0 

1300 - 1250 (m) 


P-O-P 

970-910 

R6ng 

0=P-OH 

2700 - 2560 

v OH lien ket hidro 


1240 - 1180 (m) 

v p=o 


Bang 5.18. Ete va dan xuat halogen 


Nhom 

T^n so v c 0 

Nhom 

Tan s 6 v c Hlluecn 

-c-o-c- 

1150 - 1070 (m) 

C-F 

1400 - 1000 (m) 

=c-o-c- 

1275 - 1200 (m) 

1075 - 1020 (m) 

C-Cl 

800 - 600 (m) 

'">C-C<. 

\ / 

0 

-1250,- 900 va -800 

C-Br 

C-I 

750 - 500 (m) 

- 500 (m) 
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5.4.7. Vf du phan tich pho IR hap chat hflru ca 

Viec phSn tich phd hong ngoai mot hop chat huru co la nham. chi ro nguon goc 
cac van ha'p thu co ban tren phd, tir do cho biet cac nhom nguyen tu trong phan tu 
(dac biet la cac nhom churc) va rut ra nhffng ket luan ve cau true cua phan tu. 

Doi vcri m6i van phd can xac dinh ba dac trung la: tan so, cudng do va hinh 
dang (xem muc 5.2.2) roi can cur vao bang 5.1, hlnh 5.14 va cac bang 5.2 4- 5.18 de 
quy ket ngu6n goc cua chung. Sau day la mot so thi du don gian. 


1. Hay chi ro nguon goc (quy ket) cac van hap thu ghi bdi cac chit cai tren cac 
pho sau. 
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Hinh 5.14a. Pho IR cua limolen (do o dang nguyen chat): 


3100 cm ', y 
3020 cm' 1 , y 
~ 2900 cm" 1 , m 
1645 cm" 1 , tb 
1460 cm \ m 
1380 cm -1 , tb 

~ 890 cm -1 , m 
~ 800 cm" 1 , tb 


v CH cua nhom CH 2 anken ddu mach (bang 5.3). 
v CH anken giura mach (bang 5.3). 
v CH no (bang 5.2). 

v c . c kh6ng phan biet giura hai noi d6i (bang 5.13). 
8 ch (CH 2 , CH 3 ) (bang 5.2). 

5 ch? (dao d6ng bi£n dang d<5i xiing cua CH 3 ). 

Y=ch 2 (anken dau mach) (bang 5.3). 
y =CH (anken giura mach) (bang 5.3). 
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Hinh 5.14b. Pho IR cua C 6 H,CH 2 CH 2 CH 2 C=CH (do a dang nguyen chat): 


A 

B 

C 

D 

E 

G 

H 


3330 cm -1 , m 
~ 3050 cm" 1 , tb 
~ 2960 cm' 1 va 2860 cm' 1 , m 
~ 2130 cm" 1 , tb 
~ 1610 va 1500 cm” 1 , m 
~ 1450 cm” 1 , m 

~ 750 (m) va 700, m 


v CH (ankin) (bang 5.3). 

v CH thc/m (bang 5.3). 

v CH no (kdx va dx) (bang 5.2). 

v c . c dau mach (bang 5.7). 

v c _ c thdm (bang 5.3). 

6 C h 2 (bang 5.2). 

y CH thdm (benzen thd" m6t lan, bang 5.14). 



Hinh 5.14c. Pho IR cua 6-clohexanol (mang long): 


A 3330 cm' 1 , m, tu 

B 2950, 2850 cm" 1 , m 

C 1450 cm” 1 , tb 

D 1300 cm” 1 , tb 

E 1050 cm” 1 , m 

F 750 cm” 1 , tb 

G 650 cm” 1 , tb 


v OH li£n k£thidro (bang 5.4). 

Vch no, nhom CH 2 (bang 5.2). 

5 CH2 (dao d6ng kieu 2 ltfdi keo, bang 5.2). 
8 0 h (dao d6ng bi£n dang,bang 5.4). 
v c _ 0 (bang 5.4). 

P C h 2 (dao dong kielu con 13c, bang 5.2). 
v c -c, (bang 5.18). 


264 



































































































1 


T i 1 

"TT- 1 

—TT" 

l'"T T* 












s 


fi 





• B* 




4? 

B' 




T 

y 






O 

1 


A 


















2000 

—rr 


1500 1300 

-fl 


1100 1000 900 

TT 



; »<f 


*o 

H 


£“=i 


if 


Hi 


l 


tb 


2.5 3 4 5 5 6 7 8 9 10 11 12 13 14 

Hinh 5.14d. Ph6 IR cua trans- hex-2-en-l-al (mang long): 

~ 3000 cm* 1 , tb 
~ 2900, 2800 cm' 1 
~ 2700 cm" 1 , y 
~ 1670 cm -1 , m 
~ 1630 cm" 1 , y 
~ 1450 cm" 1 , y 
~ 1150,1050 cm' 1 , tb-y 
~ 990, tb 


A 

B, B’ 
B** 

C 

D 

E 

F,G 

H 


v CH anken (bang 5.3). 

v CH no (bang 5.2). 

v CH nhom CH=0 (bang 5.2). 

v c . 0 andehit, li£n hdp (bang 5.10). 

v c . c li£n hdp (bang 5.13). 

5 ch no (bang 5.2). 

v c _ c khong d5c trtfng (muc 5.42). 

Yc-h anken (bang 5.3). 


16 nm 


2. Hay dudoan cac nhom chifc trong phan nicac hap chat ma pho IR cua cluing cho 
dudi day. 

4000 3000 2500 2000 2000 1500 1300 1100 1000 900 800 700 650 625 crrf 1 

100 
90 
80 
70 
60 
50 
40 
30 
20 
10 
0 

2.5 3 4 5 5 6 7 8 9 10 11 12 13 14 15 16 nm 



Hinh 5.14e. Ph6 IR cua C 6 H 7 N (mang long): 

• 3450 cm' 1 , tb, hep: v NH kh6ng d6i xiing; 3350 cm" 1 , tb, hep: v NH dtfi xiing (bang 
5.5) 1620 cm , m: 8 NH2 (bang 5.5). Suy ra nhom -NH 2 . 

• ~3000 cm ’, y: v CH thdm (bang 5.3); vai phd 6 1600 cm" 1 va 1520 cm" 1 , m: v c . c 
benzen (bang 5.14); 750 cm" 1 , m va 680 cm" 1 , m: y CH thdm (bang 5.14). Suy ra 
nhom -QH 5 . 
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% truyen qua 



Hinh5.14g. Ph6 IR ciia axit eugenoxyaxetic (trong KBr): 

• Vung tir 3500 - 2500 cm’ 1 hap thu rSt manh chiing to co nhom -O-H liSn kfit 
hidro manh (bang 5.4). 

• Cac van hep trSn 3000 cm’ 1 chiing to co nhom CH anken hoSc (va) aren (bang 
5.3). 

• Cac vein hep 6 3000 4- 2800 cm’ 1 chiing to co nhom CH no (bang 5.2) 

• 1753,5 cm” 1 , m: chiing to co nhom cacbonyl (v c _ 0 , bang 5.11, 6 day la nhom 
COOH). 

• 1639,7 cm’ 1 , tb: chiing to co nhom C=C anken (bang 5.13). 

• 1593,1520 cm’ 1 , m: chiing to co nhan benzen (bang 5.14). 

• 1255,1234,1151 cm’ 1 , m: chiing to co li£n k£t C-O (bang 5.4). 

5.5. PHAN TfCH PH6 DAO DONG CAC HOP CHAT PHCTC CHAT 

5.5.1. Anh huang cua sir tao phuc den cac van pho hong ngoai cua phoi tur 

Khi tao phurc tmh doi xurng cua phoi tir thuctng bi giam di, do do xay ra sir tach 
cac tzin so dao dong suy bien dong thcri xua't hien cac van ha'p thu hong ngoai ma a 
phoi tur tir do chi hoat dong d ph6 khuech tan to hop. Nhir the so van ph6 va so dinh ph6 
se nhieu hon so voi d phoi tur tu do. Ta hay xet trudng hop ion sunfat jam vf du. Ion 
S0 4 “ co tinh doi xiing cao, thuoc nhom XY 4 doi xiing T d co cac dao dong c a ban nhir sau: 
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\) 3 (0 d XY ) \) 4 (8 d YXY ) 

Trong sd 4 dao dong co ban do, chi co dao dong v 3 va v 4 la hoat dong d pho 
hong ngoai. Chinh vi vay d pho cua ion sunfat tu do chi co 2 van hap thu d 1104 va 
613 cm '. C) hop chat [Co(NH 3 ) 6 ] 2 (S0 4 ) 3 .5H 2 0, ion sunfat khong phoi tri vdi kim loai, 
nhung do anh hudng cua lien ket hidro vdi nude nen d pho hong ngoai xuat hien ca 
tfin so v, vdi cudng do rat nho, dong thdi van dao dong v 3 trai rong tir 1130 - 1140 
cm' 1 . Khi phoi tri d 1 nguyen tir oxyon sunfat trd thanh kern doi xung hon va thuoc 
nhom C 3V , con khi phoi tri qua 2 nguyen tir oxi thi no thuoc nhom C 2V co tdi 8 dao 
dong hoat dong d pho hong ngoai. Ket qua qui ket cac van hap thu tren pho mot so 
muoi va phirc sunfat hoan toan phu hop vdi cau true cua cac phuc do nhu sau: 


Hop chat 

Doi xung 

v, 

v 2 v 3 

v 4 

[S0 4 ] 2 tu do 

T, 

- 

1104 (m) 

613 (m) 

[Co(NH») 6 ] 2 (S0 4 ) 3 .5H 2 0 

T d 

973 (y) 

1130-1140 (m) 

617 (m) 

[Co(NH 3 ) 5 S0 4 ]Br 

C^v 

970 (tb) 

438 (tb) 1032-1044 (m) 

1117-1143 (m) 

645 (m) 
604 (m) 


Khi tao phde, cac phoi tir thirdng dua cap electron cua minh dd tao ra lien ket 
phoi tri (lien ket kieu cho - nhan). Viec do lam giam mat do electron d nguyen tir 
lien ket true tiep vdi ion kim loai. Do do viec tao phuc noi chung thudng lam yeu lien 
ket ngay canh lien ket phoi tri din den lam giam tan so' dao dong hoa tri cua lien ket 
nay. Sir tao phuc con lam xuat hien cac kieu dao dong co ban khong co d phoi tu tu 
do, ching han NH, phoi tri se co them cac dao dong bien dang kieu con lie, kieu 
quat va xoin (xem mo hinh ZXY 3 nhom C 3V d hinh 5.11). Dac trung cho sir tao phuc 
con co sir xuat hien cua van dao dong hoa tri kim loai - phoi tir (M - X, X la nguyen 
tir phi kim phoi tri). Tan so v M . x (X = C, O, N, S...) thudng th6 hien d viing 700 - 200 
cm' 1 (hinh 5.7) va tang khi dac tfnh cong hoa tri cua lien ket M-X tang. Thi du, khi 
so sanh pho IR cua cisplatin (hinh 5.15) vdi pho cua san pham oxi hoa no bang H 2 0 2 
(hinh 5.16 ), ta tha'y co su xua't hien 2 van manh d 3518,6 va 2999,7 cm' 1 dac trung 
cho dao dong hoa tri cua nhom OH va van nhon-manh d 559,4 cm' 1 dac trung cho 
dao dong hoa tri cua lien ket Pt-O. Cac van pho do giup khang djnh san phim oxi 
hoa noi tren la "dihidroxocisplatin" [49]. 
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Viec lam yeu lien ket cua phoi tu khi tao phirc c6 the lay vf du cr phirc amin 
chang han, v NH a NH, la 3414 va 3336 cm' 1 con a cac phirc [M(NH-,) 6 ] 3+ (M = Ni, Co, 
Cr) thi v NH nam trong viing 3390 - 3070 cm' 1 . Khi nghien ciiru cac phirc c/'j-diamin 
h6n tap cua Pt(II) cong thurc [PtQAmCl 2 ], (Q = quinolin, Am = ankylamin hoac 
arylamin) chung toi cung nhan tha'y sir giam manh cua tan so v NH a phirc chat so vdti 
a trang thai tu do. Chang han khi Am la cac ankylamin thi v NH a phuc chat bi£n d6i 
trong khoang 3220 - 3150 cm 1 trong khi do a cac amin tu do v NH bien d6i trong 
khoang 3500 - 3300 cm 1 . 
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Phan tu CO tao phuc vdi kim loai qua nguyen tir C, thur nhat nhb co sir cho 
electron a bi chid'm cua C tdi obitan d trong cua kim loai, thur hai nhd su xen phu cac 
obitan d n hay pd„ (lai hoa pd) da dien cua kim loai vdi obitan n trong phan lien ket 
cua cacbon oxit. Ket qua tao ra cau true thang M-C-O. Tan so dao dong hoa tri v co 
6 cacbon oxit la 2143 cm' 1 . Khi tao phuc vdi kim loai, v co thubng giam xuong. Dieu 
do chung to co sir giam bac lien ket d CO. Doi vdi cac phuc don nhan ngudi ta co the 
so sanh so van pho tim thay tren pho thuc voi so dao dong hoat dong d pho IR va phd 
Raman tinh dupe theo cac mo hinh (cac nhom diem) khac nhau de xet doan cau true. 
Chang han cac phuc M(CO) 4 (M = Ni, Co, Fe) deu co pho dao dong (IR va Raman) 
phu hop vdi mo hinh tu dien (nhom T d ) chu khong phai la vuong phang (nhom D 4h ). 
Cac phuc Fe(CO) 5 , Ru(CO), duoc xac dinh la co cau true ludng chop tarn giac. 

O cac phurc cacbonyl da nhan co the co 2 loai nhom cacbonyl. Nhom cacbonyl 
lien ket vdi chi 1 nguyen tu kim loai goi la nhom cacbonyl dau mut. Nhom cacbonyl 
lien ket vdi 2 nguyen tu kim loai (ciing qua nguyen tu cacbon) goi la nhom cacbonyl 
cau noi. Ngudi ta da xac dinh duoc rang nhom cacbonyl dau mut hap thu d vimg 
2100-2000 cm' 1 con nhom cacbonyl cau noi d 1900 - 1800 cm 6 pho IR cua phuc 
Fe 2 (CO) 9 cung co 2 van CO dau mut va 1 van CO cau noi. Phan tu nay gom 2 nhom 
Fe(CO) 3 lien ket vdi nhau qua 3 nhom CO cau noi (hinh 1.15a, nhom D 1h ). 6 phuc 
Co 2 (CO) 8 ngudi ta tha'y co 5 van hap thu cua Co dau mut d 2075, 2064, 2047, 2035, 
2028 cm' 1 va 2 van hap thu cua CO cau noi d 1867 va 1859 cm' 1 . Ket hop vdi phuong 
phap Rornghen ngudi ta de nghi cho no cau true gom 2 nhom Co(CO) 3 lien ket vdi 
nhau qua 2 nhom CO cau noi (tuong tu nhu hinh 1.15a) bdt di 1 nhom CO cau noi, 
nhom C 2V ). Con d cac phuc Mn 2 (CO) 10 va Re 2 (CO) 10 ngudi ta khong thay co van hap 
thu tuong ung vdi nhom CO cau noi. Ket hop vdi ket qua nghien cuu bang phuong 
phap Ronghen ngudi ta thay chung co cau true trong do 2 nguyen tu kim loai lien ket 
true tiep vdi nhau, tuc la phan tu co dang (CO) 5 M-M(CO) 5 . 

Dang chu y la trudng hop cac phuc xyano. 6 day sir tao phuc lam tang tan so' 
v CN so vdi d ion CN tu do. Chang han d da so' cac phuc xyano, v CN bien doi trong 
vung tir 2170 - 2080 cm' 1 con KCN thi v CN bang 2080 cm' 1 . Su tang v CN ducrc giai 
thich la do sir tao phuc da on dinh lien ket ba C=N hon la d ion CN' tu do. Noi mot 
each khac d ion CN ca'u true IIA co xac suat ldn hon con d phuc chat thi cau true IB 
co xac suat ldn hon: 

:C = N —— :C = N:~ M—C = N: - M=C = N:" 

(IA) ( IIA ) (IB) (I IB) 

Ngudi ta cung van dung co ket qua phuong phap hong ngoai vao viec nghien 
cuu cau true phuc chat nitrozyl (phuc chura nhom NO). 

Nhu da biet, nito oxit NO hap thu d 1876 cm 1 , ion nitrozoni [NO] + hap thu d 
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2220 cm' 1 . Nhom nitrozyl (NO) trong cac phurc nitrozyl c6 the a dang cation [NO]*, 
hoac dang anion [NO]', hoac gan nhir trung hoa NO. Dieu do phu thudc vao ban chit 
va trang thai hoa tri cua kim loai trung tarn cung nhu cac phoi tur khac c6 mat trong ciu 
phoi tri. Dua vao ket qua nghien cuu pho hong ngoai cua hang loat cac phurc nitrozyl 
khac nhau, Liuyt va cac tac gia khac da chi ra rang khi ph6i tri, nhom [NO]* hip thu 
a 1940 - 1575 cm' 1 , con nhom [NO]' - a 1200 - 1040 cm Dua vao ti£u chuin d6 ngucri 
ta da xac nhan rang hop chat ma trubc kia cong bo la Na 2 [Co(N0 2 ) 4 (H 2 0)(NO)] there 
chat la Na 2 [Co(N0 2 ) 4 (OH)(NO*)], bcri vi a pho IR cua no co van hap thu d£c trung 
cho nhom [NO]* a 1720 cm *. 

Nhu the, viec phan tich ti mi anh huemg cua sir tao phurc den su thay d6i tin s<5 
cac nhom trong phoi tu la rat co ich trong viec xet doan ca'u true. Trdn phuemg difin 
do, pho IR to ra rat co loi trong viec xac dinh lidn ket phoi tri cua cac ph6i tu co 2 
each phoi tri khac nhau nhu diankyl sunfoxit (phoi tri qua O hoac S), thioxyanat (qua 
N hay qua S), ure va cac amit (qua N hay O)... 

6 cac phirc cua Fe 3 *, Cr *, Zn 2 *, Cu 2 * vdi ure (H 2 NCONH 2 ) ngudi ta tha'y v c . 0 
giam dieu do chung to co su phoi tri qua oxi. Trong khi do a cac phurc 
[Pd(H 2 NCONH 2 )Cl 2 ] va [Pt(H 2 NCONH 2 )Cl 2 ] tan so v c=Q lai tang con v c . N thi giam. 
Di6u do chung to a 2 phurc sau nay co sir phoi tri qua nguygn tu nito. 

Trong phurc thioxyanat (chua nhom NCS) thay co ca 2 kieu lien k^t: qua N va 
qua S. Tan so v c . N khi phoi tri qua niter tha'p hon khi ph6'i tri qua luu huynh. Tan s6 
v c . s va tan so dao dong bien dang 5 NCS thi ngugc lai: khi phoi tri qua nito chung tuong 
ling la 780 - 760 cm 1 , con khi phoi tri qua luu huynh chung tuong ung la 720 - 690 
cm 1 va 440 - 400 cm 1 . Ket hop v6i cac ket qua phan tich Ronghen ngubi ta nit ra 
nhan xet la: Nhung kim loai thuoc day chuyen tiep thur nha't (V, Cr, Co, Ni, Cu, Zn) 
thucmg tao lien ket v6i nhom thioxyano qua N (lien ket M - N), con cac kim loai 
chuyen tiep thuoc nua thu hai day chuyen tiep thur hai va thur ba nhu Rh, Pd, Ag, Cd, 
Pt, Hg thubrng tao lien ket ph6'i tri qua luu huynh (lien ket M - S). Nhom NCS dau 
mut hap thu cr 2120 - 2100 cm' 1 con nhom NCS cau no'i hap thu o 2182 - 2150 cm 1 , 
ngoai ra ngubri ta con chung to rang nhom NCS cau no'i co the lien ket voi 1 nguy^n 
tu kim loai qua N va vai nguyen tu kim loai kia qua S hoac cung co the lidn ket veri 
ca 2 nguyen tur kim loai chi qua S: 


CN 


Pr,P 


S-Cs N 


\ / \ / 

Pt Pt 

Cl x ^N = C- S x x 


cr day Pr la goc n-propyl 


a 

ProP s S-CN 

3 \ / \ / 


Pt Pt 

PPr 3 

s' S s / V PPr 3 


/ 

NC 


CN 
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6 ph6 h6ng ngoai cua cac phuc chat cua axit cacboxylic, ngudi ta chu y den 
t£n s6 dao dong hoa tri cua nhom COO. Tan sd nay la mot ham phuc tap cua khoi 
luong, ban kinh va dd am dien cua nguyen tu kirn loai. Theo ket qua nghien cuu bang 
phuong phap Ronghen, ion axetat (CH,COO) phd'i tri vdi ion kirn loai theo nhCrng 


each sau day: 




-8 

+28 0 .>» 

M C-CH 3 

°-« 

M — O v, 

C- CH, 
0 ^ 

M C — CHi 

M- O v 

c- ch 3 

M - O i> 

a) 

(n> 

(in) 

(IV) 


Trong khi natri axetat co ca'u tao I d do dd dai 2 lien ket CO la nhu nhau (1,27 
A°), Li(CH,COO).2H2P co ca'u true II vdi dd dai lien ket CO la 1,33 va 1,22 A”. 6 
hop chat Zn(CH,COO) 2 .2H 2 0 va Na[U0 2 (CH,C00),] ion axetat thd hien dung luong 
phd'i tri 2 turc la co cau true III. Cac mud'i axetat khan nhu Cr(CH 3 COO)„ MnCCH^COO), 
cung co cau true III. Cau true c2u noi kidu IV tim thay d Cr 2 (CH,C00) 4 .2H 2 0, 
Cu 2 (CH 3 C00) 4 .2H 2 0, Zn 4 0(CH,C00) 6 . Du 6 cau true nao thi t^n so dao dong hoa 
trj cua nhom COO (v coo ) cung luon nho hon v c=Q trong axit chua phan li. Tuy nhian 
so vdi v coo d ion axetat tu do (trong dung dich) thi sir thay doi cua v coo d6i xung va 
v coo khong doi xung lai la khac nhau tuy thuoc vao chung 6 cau true nao trong 4 cau 
true da nau. 

Cac a-aminoaxit khi phoi tri vdi kim loai thuomg the hien dung luong phoi tri 
2. Chang han 2 ion glyxinat tao vdi ion kim loai nhu Ni, Cd, Cu, Zn... cac phtic 
vuong phang dang trans. Khi phan rich pho hdng ngoai cua cac phtic aminoaxit vdi 
kim loai can phai than trong. Bdi vi sir hap thu cua nhom amino bj xen phu vdi su 
ha'p thu cua nude ket tinh, con tan so' dao dong hoa tri nhom COO thi khong nhung 
chiu anh hudng cua sir tao phde ma con chiu su anh hudng cua lien ket hidro giua 
nhom C=0 vdi nhom NH 2 cua phan tu khac, hoac vdi H 2 0 ket tinh, hoac tuong tac 
vdi ion kim loai cua phan tu khac. Hon the nua van dao dong hoa tri khong doi xung 
cua nhom COO va van dao dong bien dang cua nhom NH 2 trong phuc cua aminoaxit 
cung nam d viing gan 1600 cm 1 cang lam kho khan cho viec qui ket cac van hap thu. 
Nhung kho khan tren cd th£ dupe khac phuc bang each do pho cua cac hop chat 
da doteri hoa va cua cac hop chat khong chira nude ket tinh. Vi du pho cua 
[Ni(H 2 NCH 2 C00) 2 ].2H 2 0 va cua san pham loai het nude ket tinh dupe trinh bay d 
hinh 5.17. 

Hinh 5.17 cho tha'y: van hap thu manh d 3300 - 3500 cm' 1 (dudng net lien) la to 
hop cua cac van dao dong hoa tri v 0H va v NH , van manh d 1600 cm' 1 (dudng net lien) 
la to hop cua van dao dong hoa tri v co vdi cac van dao dong bien dang kieu 2 luoi 
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keo 5 hoh va 5 HNH ; van trung binh d 800 cm 1 la the hien cua dao ddng bidfn dang ki£u 
con lac, xoan, hoac quat cua phan tu H 2 0 (hinh 2.11). 



Hinh 5.17. Pho IR cua [Ni(H 2 NCH 2 C00) 2 ].2H 2 0 (net li£n) 
va cua phuc do da loai nude (net durt). 

Nhi^u phan urng quan trong cua anken nhu phan urng dong phan hoa, phan umg 
hidro hoa vdi xuc tac dong the, phan umg trung hop dieu hoa lap the, phan urng 
cacbonyl hoa, phan ung oxi hoa etilen thanh axetandehit.. deu xay ra qua giai doan 
tao phuc giua anken voi cac ion kim loai chuy^n tiep, dac biet la cac ion kirn loai 
nhom VIII. Vi the' cac phuc chat loai nay ra't ducrc chu y nghien cuu. Trong s6 do, 
phuc chat cua anken voi platin ducrc nghien cuu som nhat. O propilen tan s 6 dao 
dong hoa tri cua C=C la 1647 cm Khi tao phuc voi Pt tan so do giam xuong con 
1504 cm '. Nhom C=C trong etilen (cung nhu cr cac anken doi xung khac) khong hoat 
dong tren pho hong ngoai. O phuc cua etilen vdi platin, vl du K[PtCl,C 2 H 4 )].H 2 0, 
ngubi ta khong phat hien ducrc van hap thu v c=c . Dieu do cho thay etilen phai ph6i tri 
doi xurng doi vdi Pt, turc la su phoi tri van bao toan tlnh doi xirng cua lien ke't C=C. 
Tr6n co so do ngudi ta de nghi cho phiic chat do ca'u true nhu hinh 5.18a. Hai n6i ddi 
cr mot so dien cung phoi tri vdi Pt nhu d hinh 5.18b, norbonadien (C 7 H„) th£ hien 
dung lucrng phoi tri 2 vdi Pt(ll) va Pd(ll). Tren co so phan tlch pho hong ngoai ngudi ta 
nhan tha'y rang 1,5-hexadien (C 6 H 10 ) tao thanh phifc vong d [PtCl 2 (C 6 H, 0 )] f [PtI 2 (QH 10 )], 
[PdCl 2 (C 6 H 10 )] nhung lai tao thanh cau noi d cac phurc K 2 [Pt 2 Cl 6 (C 6 H U) )] (hinh 5.18c). 

a 

/ CH, 

a—Pt—n 

/ CH 

x chiCh 2 

^ CH / a 

a ii—Pt-a 






c) 

Hinh 5.18. Mot so' kieu phoi tri cua anken vdi platin. 
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5.5.2. Pho dao dong cua day phurc chat cis-diamin khong thuan cua Pt(II) 

Khi nghien ciru ca'u true cac phire chat ngucri ta thuemg phoi hap pho IR va pho 
Raman. Chung deu lien quan den dao dbng cua cac nguyen tu trong phan tu, nen 
duqc goi chung la ph6 dao dbng. 

D6 lam vf du, d hinh 5.19 va 5.20 dan ra pho IR va ph6 Raman cua 1 phuc chat 
cua Pt(II) chua d6ng thdi amin beo (morpholin) va amin thorn (anilin). 



Hinh 5.19. Ph6 IR cua cis-[ Pt(OC 4 H 8 NH)(C 6 H 5 NH 2 )Cl 2 ]. 


Khi so sanh pho IR va Raman cua cac phurc chat nghien ciru [76, 89, 95, 96] 
chung toi nhan tha'y nhirng diem n6i bat nhu sau: 

1. Hciu het cac van ph6 hap thu tren pho IR cung deu xua't hien tren pho Raman 
vdri t^n so sai khac nhau vai cm 1 . 

2. Cucmg do cac van ha'p thu tren pho Raman thuemg bien d6i nguqc nhau: van 
co cucmg do ldn tren ph6 IR thi lai co cudng do nho tren pho Raman, nhirng van co 
cucmg do yeu tren pho IR thi lai manh tren ph6 Raman. Chi co ft van pho co mat tren 
ph6 nay nhung khong co mat tren pho kia. 

3. Tren pho Raman, cac van ph6 o vimg nhom chuc (4000 - 1500 cm 1 ) thuemg 
co cudng do nho hon so vdi van ph6 6 vimg "van ngon tay" (1500 - 100 cm 1 ). 

4. C) vimg 500 - 100 cm 1 , ph6 Raman cho nhirng van nhon va manh ma o pho 
IR khbng co duoc. 
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Hinh 5.20. Pho Raman cua c/5-[Pt(OC 4 H H NH)(C 6 H,NH 2 )Cl 2 ]. 


Nhan xet (1) co the duoc If giai nhu sau: pho Raman cung nhu ph6 IR d£u 
phan anh chuyen dong dao dong - quay cua phan tu. Su khac chut ft ve tan s6 co the 
la do nguyen H kfch thich dao dong trong 2 loai pho khac nhau dan den su to hop 
khac nhau giCra cac lucmg tu dao dong va luqng tu quay. Mat khac cung khong loai 
tru kha nang do sai so kho tranh khi ghi pho tren 2 loai may khac nhau. 

Su khac nhau ve cuong do van pho (cac nhan xet (2), (3), (4)) duqc giai thich 
dua vao cac qui tac chon loc 6 2 loai pho dang xet (muc 5.2.3). 

Trong thuc te, cac dao dong hoa tri cua cac lien ket phan cue OH, NH, C=0... 
thi co 8p/ dr Ion, do do tren pho IR cac van dac trung cua chung co cucmg dd manh, 
con tren pho Raman thi co cuong do yeu hon. Con cac lien ket khong phan cue va 
cac dao dong bien dang thi co kha nang lam thay doi rat manh do phan cue hoa a tuc 
da/dr Ion, do do cac van ph6 cua chung tren pho Raman co cucrng do Idn hon so vdi 
van pho tuong ling tren pho IR (neu co). 6 vung "van ngon tay" (1500-100 cm 1 ) 
thuemg co cac van hap thu dac trung cho cac dao dong bien dang nen cac van ph8 
Raman 6 vung nay hi6n nhien thuong co cucmg do 16n hon so vdi cac van ph8 vung 
nhom chtic (4000 - 1500 cm '). 

Tren co so cua su tuong dong va b6 sung cho nhau gitra ph6 IR va phd Raman, 
dong thefi de tien theo doi, duoi day chung toi se phan tfch dong thcri pho IR va ph8 
Raman cua cac phuc chat c/5-diamin h6n tap cua Pt(II) chira morpholin, piperidin va 
cac amin khac theo 2 vung: vung nhom chirc (4000 - 1500 cm ') va vung "van ngon 
tay" duoi 1500 cm' 1 . 
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Pho IR cua cac chat nghidn ciru dupe ghi d dang vien nen vdi KBr trong vung 
400 - 4000 cm' 1 , ph6 Raman duac ghi a dang mau ran, vdi bdc xa kich thich 632,8 
nm tir laser heli-neon thu phd trong vung 100 - 4000 cm 

Phan tick vung pho 4000-1500 cm' cua cac phuc chat nghien cvtu: 

Cac van ha'p thu trong vung 4000-1500 cm' 1 cua cac phtrc chat chiia morpholin 
(Mor) dupe quy ket nhu 6 bang 5.18 va cua cac phurc chat chtra piperidin - 6 bang 
5.19. 

Hay xuat phat tir phurc chi chua 1 phoi tir hull co, phiic chat M0 (xem cong thCrc 
6 bang 5.18). Tren pho cua M0 co van ha'p thu 6 3187 cm 1 vdi cudng dp ldn tren pho 
IR va cudng dp nho tren pho Raman, do la van dac trung cho dao dong hoa tri nhom 
NH cua morpholin. Tan so ha'p thu cua van nay nho hon so vdi v NH d amin tu do 
(3400 - 3300 cm \ bang 5.5). Dieu nay da the hien sir tao phde cua Pt(II) vdi morpholin 
qua nguyen tir nito (chur khong phai qua nguyen tir O) do do da lam yeu lien ket NH 
d morpholin. Cac van co cudng dp ha'p thu trung binh d 2968 - 2869 cm' 1 dac trung 
cho tan so' dao dong hoa trj cua nhom CH no d morpholin (bang 5.3). Theo bang 5.5 
dao dong bien dang nhom NH (5 NH ) cua amin b$c 2 co cudng dp rat nho do do da 
khong th£ hien tren pho cua M0. 

Khi so sanh pho dao dong cua M0 vdi pho cua cac phuc chat Ml den M10 
chung toi nhan tha'y co su khac nhau co ban ve so' lupng van pho. Chang han d M0 co 
khoang 4 van pho con Ml co den khoang 8 van pho trong ciing vung nhom chuc. Su 
khac nhau do phan anh su khac nhau ve thanh phan ca'u tao giura M0 va cac phde chat 
kia. Chfnh su co mat cua amin thorn trong cac phtrc chat Ml -r M10 da gay ra su 
khac biet do. 

6 cac phurc chat Ml, M2. M3, M4, M5, M6, M10 do co ca amin bac hai (Mor) 
va amin thorn bac nha't (Am=Ar-NH 2 ) nen le ra phai co den 3 van ha'p thu dac trung 
cho dao dong hoa trj cua cac nhom NH trong vung tir 3236 - 3092 cm' 1 (2 van cho - 
NH 2 va 1 van cho -NH). Tuy nhien co the da xay ra sir xen lap giua cac van von co 
cudng dp ldn nay nen tren pho cua chung doi khi chi the hien 2 van (M2, M3, M6). 
O pho Raman cua M6 chi co 1 van, co le la do cac van khac qua yeu nen khong nhan 
tha'y dupe. 

6 ph6 dao dong cua M7, M8, M9 chi co 1 van ha'p thu d khoang 3192 - 3168 
cm' 1 la di hi£u, vi trong thanh phan ca'u tao cua chung chi co 1 nhom NH duy nha't. 

(!) pho cua cac phurc co chda phoi tir ArNH 2 , mot mat co them cac van pho cua 
nhom NH 2 , mat khac, quan trong hon la d chd tan so' cua cac dao dong nay deu nho 
hon v NH cua amin tu do. Dieu do da cho tha'y su phoi tri giua cac amin thorn va Pt(II) 
thuc hien qua nhom NH 2 . 
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Bang 5.18. Cac van ha'p thu chfnh trong viing nhom churc trdn ph6 IR vi 

ID 

pho Raman cua cac phirc chat [Pt(Mor)(amin)Cl 2 ], (cm' 1 , -) [89. 97) 

Raman 


Ki 

hi6u 

C6ng thuc phurc chat 

v NH 

V CH 

thorn 

V CH n ° 

^NH:. v c-c 
thorn 

MO 

K[Pt(Mor)Cl 3 

3187 

- 

2968,2870 


3187 

- 

2963, 2869 


Ml 

[Pt(Mor)(C 6 H 5 NH 2 )Cl 2 ] 

3219,3182, 

3130 

3026 

2970. 2860 

1601,1589. 1493 

3222,3191, 

3135 

3055 

2975, 2857 

1605.1597. 1492 

M2 

[Pt(Mor)(o-CH 3 C 6 H 4 NH 2 )Cl 2 ] 

3204,3117 

3045 

2965, 2850 

1610,1589, 1497 

3210, 3130 

3048 

2975, 2857 

1612.1588, 1497 

M3 

[Pt(Mor )(p- CH 3 C 6 H 4 NH 2 )C1 2 ] 

3200, 3167, 

3110 

3040 

2964, 2862 

1603. 1585.1506 

3207, 3167 

3067 

2966, 2865 

1612,1590, 1516 

M4 

[Pt(Mor)(/?-CH 3 OC 6 H 4 NH 2 )Cl 2 ] 

3231,3175, 

3142 

3055 

2949, 2833 

1612. 1695. 1506 

3236,3178, 

3149 

3060 

2950,2841 

1618, 1600. 1570 

M5 

[ Pt(Mor)(/>-C 2 H 5 OC 6 H 4 NH 2 ) 
Cl 2 ] 

3200, 3175, 

3134 

3060 

2974, 2864 

1610,1595. 1506 

3217,3177, 

3138 

3074 

2972, 2867 

1612,1600, 1511 

M6 

[Pt(Mor)(a-C 10 H 7 NH 2 )Cl 2 ] 

3182,3092 

3060 

2970, 2849 

1610, 1510 

3187 

3064 

2977,2850 

1607, 1557, 1510 

M7 

[Pt(Mor)(C 5 H 5 N)Cl 2 ] 

3182 

3070 

2966,2858 

1625, 1605, 1590 

3183 

3075 

2963,2964 

1617,1607. 1574 

M8 

[Pt(Mor)(C 9 H 7 N)Cl 2 ] 

3176 

3050 

2950, 2851 

1605.1588, 1507 

3168 

3052 

2950,2854 

1610,1584. 1505 

M9 

[Pt(Mor)(8-OC 9 H 6 N)Cl] 

3192 

3065 

2957,2860 

1600, 1581. 1506 

3185 

3075 

2958, 2867 

1605,1592. 1505 

M10 

[Pt(Mor)(C 6 H 5 (CH 2 ) 2 NH 2 )Cl 2 ] 

3232,3200, 

3163 

3035 

2960, 2865 

1600,1571. 1500 

3228,3218, 

3170 

3045 

2957,2971 

1612,1950. 1505 
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Sir co mat cua cac nhan thorn trong clu phoi tri cua Pt(II) d cac phurc M1 -s- 
M10 dirge xac nhan boi cac van cudng do yeu d vimg 3075-3020 cm 1 dac trirng cho 
dao dong hoa tri cua lien ket CH thorn (v CH thorn, bang 5.3). Cac van nay von co 
cudng do yeu nen de bi che la'p boi cac van pho manh hoac trung binh d khoang 2960 
- 2841 cm' 1 dac trirng cho dao dong hoa tri cua nhom CH no co d cac amin thorn 
phdi tri nhu otoluidin, /?-phenetidin... 

Trong vimg 1620-1492 cm' 1 co nhieu van pho cudng do tir yeu, trung binh den 
manh duoc qui cho cac dao dong hoa tri C=C thorn va dao dong bien dang 8 NH . Tuy 
nhien viec qui ket rach roi nguon goc cua tung van pho la rat kho. Vi theo li thuyet, 
dao dong hoa tri cua lien ket C=C trong vong thorn benzen hoac C=N trong di vong 
thorn th£ hien boi 2, 3 van pho cudng do trung binh den manh trong vimg 1600 - 
1500 cm" 1 (bang 5.14). Nhung cung trong vimg nay lai chua van dac trung cho dao 
dong bien dang kieu 2 ludi keo cua nhom NH 2 (5 NH , bang 5.5). Do do khi ma trong 
phan tu phurc chat co cac nhom nay (C=C, C=N thorn va -NH) thi de xay ra su xen 
lan cac van pho vdi nhau lam cho viec qui ket khong con don gian nira. 6 cac phuc 
chat diamin co amin thorn trong thanh ph^n thi tren vimg pho tir 1620-1500 cm 1 co 
nhieu van. Trong do van o khoang 1615 - 1600 cm' 1 bi tii va co nhieu dinh nho chirng 
to da co su xen lan giua cac van pho v c=c v c=N va 5 NH . 

6 phurc chat M9 khQng co dau hieu van dac trung dao dong hoa tri nhom OH 
chirng to phoi tir 8-HOC 9 H 6 N da mat hydro 6 nhom OH khi tham gia tao phurc. 

Pho IR va pho Raman cua ci5-[Pt(C 5 H U) NH)(/7J-CH,C 6 H 4 NH 2 )Cl 2 ] dai dien cho 
day phurc chat c/s-[Pt(Pip)(umm)Cl-,] (v6i Pip = piperidin) duoc din ra d hinh 5.21 va 
5.22. Do sir tuong dong ve cau tao giua day d,s-[Pt(Pip)(aAm/7)Cl 2 ] vdi day cis- 
[Pt(Mor)(tfmm)Cl 2 ] nen su phan tich pho cua 2 day cung tuong tu nhau. Ket qua phan 
tich pho dao dong cua day phurc chat chua piperidin duoc trinh bay d bang 5.19. 

Phan tich vimg pho dit&i 1500 cm 1 cua cac phiic chat nghien ciht: 

Cac van ha'p thu chinh trong vung dudi 1500 cm' 1 duoc liet ke d bang 5.20 (doi 
vdi day phurc chat chura morpholin) va bang 5.21 (doi vdi day phurc chat chua 
piperidin). 

Tren pho cua cac phurc chat nghien cuu deu xua't hien 1 hoac 2 van cuong dd 
trung binh d phd IR hoac yeu d pho Raman. Nhin chung tan so cua dao d6ng nay 
bien doi trong khoang tuong doi hep, tir 1458 - 1423 cm' 1 (bang 5.20). Do la dao 
dong bien dang cua nhom CH 2 d vong morpholin va piperidin. 
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Hinh 5.21. Pho IR cua [Pt(C 5 H 10 NH)(m-CH 3 C 6 H 4 NH 2 )Cl 2 ]. 



Hinh 5.22. Pho Raman cua [Pt(C s H 10 NH)(m-CH,C 6 H 4 NH 2 )Cl 2 ]. 
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Bang 5.19. Cac van ha'p thu chmh trong vung nhom churc tren pho IR 


va ph6 Raman cua cac phiic chat chua piperidin, (-. cm 1 ) [88, 96, 98] 

Raman 


Ki 

hieu 

C6ng thtfc 
phtfc chit 

v NH 

V CH 

(therm) 

v CH 

(no) 

^NH> V C=C 

(thorn) 

PO 

K[Pt(Pip)Cl, 

3167 

- 

2939,2855 

1600 (8 nh ) 

3173 

- 

2939,2850 

- 

PI 

[Pt(Pip)(C 6 H,NH 2 )Cl 2 ] 

3250,3207, 
3086 

3050 

2939,2856 

1601, 1494 

3269,3211, 
3129 

3060 

2964,2858 

1600,1493, 
1501 

P2 

[Pt(Pip)(o-CH 3 C 6 H 4 NH 2 )Cl 2 ] 

3225, 3174, 
3108 

3030 

2937,2858 

1601,1568, 
1501 

3240,3174, 
3110 

3065 

2937, 2860 

1613, 1590, 
1500 

P3 

[Pt(Pip)(p-CH 3 C 6 H 4 NH 2 )Cl 2 ] 

3220, 3200, 
3131 

3040 

2938,2851 

1615,1602, 
1514 

3220,3198, 

3135 

3042 

2960,2856 

1613,1590, 
1510 

P4 

[Pt(Pip)(/j-CH 3 OC 6 H 4 NH 2 )Cl 2 ] 

3240,3198, 

3135 

3060 

2942, 2864 

1615, 1600, 
1514 

3245,3201, 
3144 

3076 

2924,2864 

1610, 1600, 
1510 

P5 

[Pt(Pip)(p-C 2 H 5 OC 6 H 4 NH 2 )] 

3178,3155 

3061 

2934,2862 

1612,1600, 
1554 

3182,3154 

3071 

2954,2858 

1616,1604, 
1561 

P6 

[Pt(Pip)(a-C 10 H 7 NH 2 )Cl 2 ] 

3211,3182 

3076 

\ 

2954,2858 

1612,1600, 
1512 

3220 

3b71 

2955,2858 

1600,1580, 
1515 

P7 

[Pt(Pip)(C 5 H 5 N)Cl 2 ] 

3187 

3059 

2945,2858 

1615, 1608 

3197 

3077 

2945,2868 

1607, 1580 

P8 

[Pt(Pip)(C 9 H 7 N)Cl 2 ] 

3178 

3072 

2945,2849 

1620,1589, 
1508 

3184 

3055 

2950,2850 

1618, 1586, 
1505 

P9 

[Pt(Pip)(8-OC 9 H 6 N)Cl] 

3275,3180 

3031 

2945, 2858 

1564 

3282,3188 

3059 

2852,2857 

1603,1584, 
1568 

P10 

[Pt(Pip)(C 6 H 5 (CH 2 ) 2 NH 2 )Cl 2 ] 

3233,3155, 

3127 

3027 

2932,2858 

1605,1581, 
1500 

3230,3157, 
3128 

3053 

2931.2860 

1605,1585, 
1500 
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Bang 5.20. Cac van ha'p thu chfnh trong viing dudi 1500 cm 1 tr£n ph6 1R 
va pho Raman cua cac phuc chat chua morpholin (cm 1 ) 


Kf 

hidu 

Cdng thurc 
phurc chat 

IR 

Raman 

Raman 

^CH2 

no 

v c-c* v c-o 
v6ng no 

Ych 

tham 

V Pt-N 

V P«C1 

^NPiN 1 

^NPtCl 


M0 

K[Pt(Mor)Cl, 

1451 

1216,1010 

- 

450 

326 

223 

193 

1452 

1193,1013 

- 

450 

Ml 

[Pt(Mor)(C 6 H,NH 2 )Cl 2 ] 

1450 

1171,1030 

819 

570,457 

331 

227 

180 

1441 

1174,1002 

829 

576,450 

M2 

[Pt(Mor)(o-MeC 6 H 4 NH 2 )Cl 2 ] 

1454 

1178,1028 

881 

538,486 

325 

265 

212 

180 

1456 

1157,1043 

881 

521,483 

M3 

[Pt(Mor)(p-MeC 6 H 4 NH 2 )Cl 2 ] 

1450 

1190, 1029 

814 

567,455 

324 

268 

216 

180 

1451 

1179,1015 

827 

569,447 

M4 

[Pt(Mor)(p-MeOC 6 H 4 NH 2 )Cl 2 ] 

1447 

1176,1030 

839 

532,502 

334 

240 

214 

174 

1447 

1170,1009 

830 

564, 500 

M5 

[Pt(Mor)(/?-EtOC 6 H 4 NH 2 )Cl 2 ] 

1450 

1176,1041 

839 

548,503 

331 

245 

217 

173 

1447 

1171,1012 

823 

568,500 

M6 

[Pt(Mor)(a-C, 0 H 7 NH 2 )Cl 2 ] 

1447 

1227, 1072 

881 

500,476 

329 

257 

227 

165 

1459 

1210, 1079 

874 

502, 479 

M7 

[Pt(Mor)(C,H,N)Cl 2 ] 

1452 

1207, 1031 

838 

536,462 

335 

260 

208 

161 

1466 

1211,1021 

838 

535,450 

M8 

[Pt(Mor)(C 9 H 7 N)Cl 2 ] 

1454 

1130,1010 

782 

513,480 

327 

265 

224 

174 

1459 

1142,1015 

785 

521,481 

M9 

[Pt(Mor)(8-OC 9 H 6 N)Cl] 

1470 

1111,1036 

754 

537,490 
Vpto 590 

328 

245 

222 

- 

1471 

1137,1011 

755 

536,505 
Vpio 595 

M10 

[Pt(Mor)(C 6 H,(CH 2 ) 2 NH 2 )Cl 2 ] 

1444 

1116,1005 

750 

550,491 

328 

276 

232 

190 

1454 

1133,1008 

755 

559,492 


Dao dong hoa tri lien ket dan C-C (v c c ) tren pho IR cua cac hap chat hiru ca 
thucmg khong dac trung, tan so thay doi do tuang tac dao dong manh cua mach 
cacbon. Tuy nhien doi vdi cac vong no thi a pho Raman van v c . c thucmg bidu hien 
bcfi cac van tir trung binh den manh cr khoang 1290-1150 cm' 1 [65], 6 cac phuc chat 
ma chung toi nghien curu phoi tu thu nha't la morpholin hoac piperidin deu chua vong 
no. Dao dong hoa trj cua lien ket dan C-C va C-0 dugc the hien boi mot vai van pho 
cung co cucmg do trung binh den manh a vung 1232-1000 cm 1 . Tren bang 5.20 chi 
neu 2 van dien hinh co cudng do manh. Cac van con lai trong viing nay co th6 k6 den 
su gop mat cua v c o (trong phuc chua morpholin) hoac v C N (trong phurc chit chua 
piperidin hoac ca morpholin). 

Dao dong bien dang ngoai mat phang cua nhom CH tham (y CH thorn) the hien 
trong viing 900 - 671 cm' 1 (bang 5.14). Trong viing nay tren pho IR va Raman cua tat 
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ca cac phurc chat nghiSn curu d£u co vai van co cudng do tu trung b'inh den kha manh 
thudng xua't hi£n dkhoang 881 - 750 cm' 1 (bang 5.20, 5.21 va hinh 5.19 den 5.22). 

Neu nhu d ph6 IR cua cac phurc chat nghien curu cucmg do cac van ha'p thu d 
vung 600 - 400 cm' 1 thucrng nho, doi khi lai tu vi vay kho xac dinh van dao dong hoa 
tri v Pl . N , thi nguoc lai d ph6 Raman vung nay lai cho nhung van manh, co cudng do 
trung binh hoac manh rat d b xac dinh (hinh 5.19 den 5.22). Pho Raman cua cac chat 
M0, P0 xua't hien 1 van, con d cac phurc chat Ml -r M10, PI -s- P10 thi co 2 van co 
cucmg do trung binh d vung 587 - 429 cm' 1 ung vdi dao dong hoa tri cua lien ket Pt- 
N (v Pl . N ). Su khac biet do da phan anh su phoi tri cua chi 1 amin vdi Pt(II) trong phurc 
M0, P0 khac vdi su ph6i tri cua 2 amin vdi Pt(II) trong cac chat con lai. Rieng doi 
vdi M9, P9 ngoai 2 van the hien dao dong hoa tri cua lien ket Pt-N (giCra platin vdi 2 
amin), con co 1 van cucmg do trung binh 6 khoang 595 cm' 1 the hien su tao lien ket 
phoi tri giua oxi cua phoi tu 8-hydroxy quinolin vdi Pt(II) (bang 5.20). 


Bang 5.21. Cac van ha'p thu chinh trong vung dudi 1500 cm' 1 tren ph6 IR 

IR 

va ph6 Raman cua cac phurc chat chura piperidin (cm 1 , -) 

Raman 


Ki 

hidu 

C6ng thirc 
phurc chat 

ScH2 

no 

V C-C> V C-N 

vdng no 

Ych 

thorn 

V Pl-N 

V Pl-CI 

^NPlN ' 
^NPlCI 

SpiCl2 

P0 

K[Pt(Pip)Cl, 

1446 

1206,1024 

- 

434 

- 


- 

1448 

1208,1029 

- 

436 

325 

211 

187 

PI 

[Pt(Pip)(C 6 H,NH 2 )Cl 2 ] 

1446 

1200, 1025 

801 

570,442 

- 

- 

- 

1451 

1209,1005 

803 

570,445 

327 

229 

168 

P2 

[Pt(Pip)(o-CH,C 6 H 4 NH 2 )Cl 2 ] 

1450 

1179,1032 

807 

524,438 

- 

- 

- 

1450 

1179,1032 

811 

524,439 

331 

212 

180 

P3 

[Pt(Pip)(p-CH,C 6 H 4 NH 2 )Cl 2 ] 

1464 

1172,1010 

816 

570,494 

- 

- 

- 

1450- 

1166, 1018 

813 

565,490 

327 

210 

175 

P4 

[Pt(Pip)(p-H,OC 6 H 4 NH 2 )Cl 2 ] 

1445 

1179,1041 

820 

560,499 

- 

- 

- 

1443 

1153,1021 

822 

558,494 

335 

210 

168 

P5 

[Pt(Pip)(p-C 2 H s OC 6 H 4 NH 2 )] 

1450 

1201, 1024 

824 

551,502 

- 

- 

• 

1447 

1202,1024 

823 

582,499 

337 

214 

184 

P6 

[Pt(Pip)(a-C l0 H 7 NH 2 )Cl 2 ] 

1456 

1170, 1014 

877 

490,442 

- 

- 

- 

1458 

1153, 1014 

876 

509,450 

318 

225 

171 

P7 

[Pt(Pip)(C,H s N)Cl 2 ] 

1452 

1212,1027 

870 

490.466 

- 

- 

- 

1423 

1207,1022 

861 

497.470 

326 

208 

179 

P8 

[Pt(Pip)(C 9 H 7 N)Cl 2 ] 

1456 

1126,1028 

777 

534.513 

- 

- 

_ 

1437 

1133, 1015 

787 

536,518 

326 

218 

155 

P9 

[Pt(Pip)(8-OC 9 H 6 N)Cl] 

1454 

1205, 1024 

808 

475,440 

- 

- 

_ 

1447 

1205, 1002 

808 

482.436 

324 

205 

178 

P10 

[Pt(Pip)(C 6 H 5 (CH 2 ) 2 NH 2 )Cl 2 ] 

1454 

1221, 1005 

860 

551,492 

- 

- 

_ 

1452 

1224,1002 

860 

551,493 

321 

212 

183 
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Viing du&i 400 cm*: Doi vai cac hap chat trong bang 5.20, 5.21, vung niy chi 
co tren pho Raman, vi may pho IR khong ghi duac. D£ co them ca sa phan tich kl 
vung tan so thap nay, ngoai cac hop chat a cac bang 5.20, 5.21 chung tdi con ghi phd 
Raman cua mot so hap chat co lien quan ma c6ng thuc duac ghi a bang 5.22 vdi 
C 9 H 7 N la quinolin [95]. 


Bang 5.22. Cac van chinh tren pho Raman cua cac phuc chat 
lien quan (cm ‘) (m: cuctng do manh, tb: trung binh, y: yeu) 


C6ng thurc 

V NH 

V CH 

(thorn) 

V C=N> V C=C 

(nhan thorn) 

V PtN 

V PtCI 

&NPiN • 
^NPia 

&P 1 CI 2 

K 2 [PtCl 4 ] 

- 

- 



327 

304 


195. tb 

c/5-[Pt(NH 3 ) 2 Cl 2 ] 

3309 

3212 

- 

- 

525, m 
510, y 

324, m 

257. m 

210 

163, m 

trans- 

[Pt(NH 3 ) 7 Cl 7 ] 

3213 

3226 

- 

- 

532, m 

322, m 

212, m 

- 

cis- 

[Pt(C g H 7 N) 7 Cl 7 ] 

- 

3070 

3058 

1615,1584, 

1509 

533, m 
523, m 

332, m 

254. y 

205 

163, m 

trans- 

IPt(C 9 H 7 N) 2 Cl 2 ] 

- 

3068 

3061 

1620,1586, 

1508 

533, m 
520, m 

331, m 

237, y 

- 


Ion phuc [PtCl 4 ] 2 ' co ca'u hinh vudng phang thubc nhom doi xting D 4h . Ket qua 
phan tich dao dong ca ban cho tha'y co 3 dao dong doi xting qua tarn la hoat d6ng 
duqc tren pho Raman. Do la cac dao dong hoa tri doi xung vji, a (4 lien kd't 
Pt-Cl dao dong nhu nhau) a 304 cm' 1 (bang 5.22), dao dong hoa tri khong doi xung 
v^ a (2 cap lien ket Pt-Cl a vi tri trans dao dong khac nhau) a 327 cm' 1 . Dao dong 
bien dang phang (doi xung qua tarn) ki hieu la a 195 cm 1 (dao dong bien dang 
co tan so thap han dao dong hoa tri). Khi dua 2 phan tu amin vao cau ph6i tri, a cac 
dong phan cis va trans dfeu xuat hien cac dao dong bien dang phang ki hieu la 8 NPlN 
va 6 NPiC |. Ngoai ra a dong phan cis thi vi phan tir khong con tarn doi xumg nua nen 
xuat hien them 1 dao dong bien dang phang a 163 cm 1 ki hieu la 6p, cl2 (bang 5.22). 

Sir khac nhau co ban a pho cua 2 cap dong phan cis va trans da xet la a ch6 cac 
dong phan cis co van hap thu a khoang 163 - 161 cm' 1 con dong phan trans thi khdng 
co (hinh 5.23). Do la van dac trung cho dao dong bien dang kieu 2 luoi keo cua 
nhom PtCl 2 (2 nguyen tu clo a vi tri cis v6i nhau). O vung pho tir 400 - 100 cm' 1 cua 
cac phuc chat diclorodiamin [Pt(Pip)(Am)Cl 2 ], [Pt(Mor)(Am)(Cl 2 ] ma chung t6i 
nghi&n cuu thudng thay co 3 van. Van thd nha't cuang do lan a khoang 335 - 320 cm' 1 
co the tach thanh 2 hoac 3 dinh g£n nhau do la dao dong hoa tri cua lien ket PtCl. 
Van tiep theo a khoang 280-200 cm' 1 v6i cuang do be han la cua dao d6ng bien dang 
phang 5 NPlN va 5 NPlC , trong cau phoi tri vudng phang cua Pt(II). Con van ha'p thu trung 
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binh 6 khoang 193-155 cm' 1 dugc qui cho dao dong bien dang kieu 2 luoi keo cua 
nhom PtCl 2 (5 PlCl2 ) chi co cr cac phurc chat ma 2 phoi tir Cl a vi tri cis vdri nhau. Nhir 
vay, chinh sir co mat cua van pho nay da la dau hieu quan trong de xac dinh cau hinh 
cis cua cac phurc chat nghien curu. 



Hinh 5.23. So sanh pho Raman cua ds-[PtCl 2 (NH,) 2 ] va cua r/'tfrts-[PtCl 2 (NH,) 2 ]. 

5.5.3. Phan tich pho hong ngoai cua phurc chat kim loai chuyen tiep voi 
axit cacboxylic 

Pho hap thu hong ngoai cua cac phurc chat dugc do dudri dang vien nen vdi KBr 
tren may FTIR 8001 SHIMADZU va may BRUKER - IFS48. Cac van chinh tren pho 
hap thu h6ng ngoai cua cac phuc chat fomiat, oxalat, tatrat va xitrat ma chung toi 
nghien curu [101, 102, 103, 104] dugc ghi a bang 5.23. Phoi hgp ket qua phan tich pho 
h6ng ngoai v6i ket qua phan tich pho tu ngoai-kha kien (muc 4.3 va 4.4), phan tich 
nguyen to, phan tich nhiet, do do din dien phan tu chung toi da xac dinh dugc cong 
thuc ca'u tao cua cac phurc chat ghi 6 bang 5.23, mot so vi du dugc din ra a hinh 5.24. 

Pho cua cac daj dien phuc fomiat, phuc oxalat, phuc tatrat va phuc xitrat dugc 
trinh bay o cac hinh 5.25 - 5.28. So lugng van hap thu va su phurc tap cua pho tang theo 
mure do phurc tap cua phoi tu (xem cong thuc cac axit cacboxylic da dung or muc 4.4.2). 
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Hinh 5.24. Cau tao mot so phurc chat cacboxylat Mn, Cr, Co. 



Hinh 5.25. Pho IR cua phurc [Mn(HC00) 2 (H 2 0) 2 ], (MnFI). 


Pho cua phurc chat fomat la don gian nhat (hinh 5.25), no gom 5 hoac 6 van ha'p 
thu. Pho cua cac oxalat gom 7 hoac 8 van ha'p thu (hinh 5.26). Pho cua cac phurc chat 
tactrat va nhat la cac phurc chat xitrat to ra phurc tap hon nhieu, thuong co hang chuc 
van (hinh 5.26, 5.28). Dieu nay la dd hieu bcri vi ion fomat la ion don gian nhat 
(HCOO ), ion oxalat cung chi co 2 nhom COO' lien ket voi nhau ( OOC-COO ), con 
o cac goc tactrat va xitrat thi so nguyen tu trong goc tang len nhidu nen so dao dong 
co ban cung tang theo qui tac 3 N - 6. 

Tren pho cua tat ca cac phurc chat nghien cuu d virng tren 3200 cm' 1 ddu co cac 
van hap thu manh. Van nay thuong rat tu, doi khi tach thanh hai, ba dinh. Do la van 
dao dong hoa tri cua nhom OH (v OH ) cua ancol, OH cua axit, cua nhom OH tham gia 
lien ket hidro hoac tao phurc, cua nuoc ket tinh hoac nude phoi tri. 

0 cac phuc chat tactrat, xitrat va fomat co xuat hien cac van hap thu voi cudng 
do nho d khoang 2850 - 3000 cm' 1 . 6 tat ca cac phtic chat oxalat khong th£y xuat 
hien van nay Ro rang can v ? ip do la do dao dong hoa tri cua nhom C-H (v C H ) d cac 
phoi tu co lien kdt C-H 
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Hinh 5.26. Pho IR cua phiic Na 3 [Cr(C 6 H 5 0 7 ) 2 (H 2 0) 2 ].2H 2 0, (CrCl). 
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Hinh 5.28. Pho IR cua phtrc K 2 [Co(C 4 H 2 0 6 )(H 2 0) 2 ].2H 2 0, (CoTl). 


Bang 5.23. Cac van hap thu chfnh tren pho IR cua 
phurc fomiat, oxalat, tatrat va xitrat [101, 102, 103] 


Kf 

hieu 

C6ng thurc phan tir 

Vo-H 

V C-H 

y kdx 

COO" 

v dx . 
COO 

-T 

v c-<> » v c-c 

v M -o 

CrFl 

[CrCHCOOl^HjO)]. 1/3H 2 0 

3390 

2905 

1653 

1374 

766 

478 



187 





651 

MnFl 

[Mn(HC00) 2 (H 2 0) 2 ] 

3359 

2886 

1584 

1395 

755 

680 



3274 





578 

FeFl 

[Fe(HCOO),(H 2 0)]. 1/3H 2 0 

3400 

2882 

1611 

1366 

760 

610 



3200 




i 

550 

CoFl 

[Co(HCOO) 2 (H 2 0) 2 ] 

3300 

2893 

1577 

1397 

763 

574 



3214 






NiFl 

[Ni(HCOO) 2 (H 2 0) 2 ] 

3350 

2880 

1577 

1380 

772 

563 



3277 






CrOl 

K,[Cr(C 2 0 4 ),].2,5H 2 0 

3450 


1686 

1395 

816,1264 

546.486 








419 

MnOl 

K 8 [Mn 2 (C 2 0 4 ) 7 ].5H 2 0 

3440 


1686 

1381 

810 

535.490 







1260 

i 405 
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Bang 5.23. (tiep theo) 


Kf 

hi£u 

COng thurc phin tu 

V()-H 

v CH 

v kdx 

COO" 

v dx 

COO 

v c-o » v c-c 

v M -<. 

FeOl 

K,[Fe(C 2 0 4 )j].3H 2 0 

3450 


1680 

1391 

802, 1266 

534 







1250 

480 

CrTl 

H[Cr(C 4 H 4 O fi )(H 2 0) 4 ].2H 2 0 

3400 

2363 

1600 

1435 

1310. 1129 

470 





1580 


1080 

^430 | 

FeOl 

K[Mn(C 4 H 4 O fi ) 2 ] 

3330 

2975 

1607 

1416 

1304. 1266 

571 




2923 



1215.1084 

484 

FeTl 

Na[Fe(C 4 H 2 0 6 )(H 2 0) 2 ] 

3450 

2934 

1640 

1370 

1123 

554 





1570 

1320 

1069 

419 

FeT2 

K 2 [(C 4 H,0 6 )Fe(C 4 H 4 0 6 )] 

3319 

2880 

1620 

1400 

1306. 1265 

575 




2900 



1136, 1068 

486 

FeT3 

H[Fe(C 4 H 4 0 6 )(0H)] 

3450 

2850 

1600 

1404 

1128 

560 




2900 



1065 

540 

FeT4 

[Fe(C 4 H 4 0) 6 (0H)] 

3480 

2960 

1549 

1401 

1298.1277 

569 







1121.1082 

475 

CoTl 

K 2 [Co(C 4 H 2 O s )(H 2 0) 2 ].2H 2 0 

3400 

2880 

1576 

1391 

1119 

536 






1379 

1076 

460 

CrCl 

Na,[Cr(C 6 H,0 7 ) 2 (H 2 0) 2 ].2H 2 0 

3500 

2880 

1617 

1420 

1190, 1159 

550 





1576 

1385 

1090 

420 

MnCl 

Na[Mn(C 6 H 4 0 7 )(H 2 0) 2 ] 

3455 

2980 

1593 

1420 

1306,1283 

548 



3250 

2960 


1390 

1080 

415 

FeCl 

Na[Fe 2 (C 6 H 7 0 7 )(C 6 H 6 0 7 )(0H) 2 ] 

3255 

3000 

1600 

1430 

1300.1252 

600 






1370 

1084 

550 

CoCl 

Na 4 [Co(C 6 H s 0 7 ) 2 ] 

3400 

2800 

1626 

1431 

1304.1275 

632 



3000 


1562 

1385 

1086 

522 

CoC2 

Na 4 [Co(C 6 H,0 7 ) : (H 2 0) 2 ].2H 2 0 

3453 

2900 

1600 

1419 

1246, 1088 

619 



3272 



1391 

1061 

546 

CoC3 

Na 2 [Co(C 6 H 4 0 7 )(H 2 0) 2 ] 

3450 

2900 

1604 

1420 

1297, 1260 

598 



3400 



1401 

1078 

520 

CoC4 

Na[Co(C 6 H,0 7 )(H 2 0) 2 ] 

3450 

2900 

1603 

1430 

1296. 1241 

660 



3400 


1559 

1399 

1091 

548 

CoC5 

Na 4 [Co(C 6 H,0 7 ) 2 (H 2 0) 2 ].H 2 0 

3450 

2890 

1591 

1417 

1304. 1282 

596 



3360 



1387 

1080. 

547 

C 0 C 6 

Na[Co(C 6 H,0 7 )(H 2 0) 2 ].2H 2 0 

3462 

2940 

1628 

1427 

1280.1265 

630 



3240 


1581 

1359 

1064 

533 
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Theo bang 5.11 dao dong hda tri v c=D cua cacboxyl (-COOH) d cac axit ludn l& 
cac van manh, thudng xuat hien d khoang 1750 -5- 1728 cm' 1 . Tren ph6 hip thu h6ng 
ngoai cua hau het cac phuc chat ma chung tdi tOng hop duoc, khdng c6n vin hip thu 
d tan so do, ma xuat hien hai van ha'p thu manh nha't d khoang 1690 - 1550 cm va 
khoang 1450-1340 cm 1 . Van thu nha't tucmg irng vdi dao ddng hoa tri khong ddi 

kdx 

xung cua nhom COO (v coo -), van thu: hai tuong ung vdi dao ddng hoa tri ddi xung 
cua nhom COO (v coo -). Nhu vay trong cac phurc chat do khong con nhom -COOH. 
Hai van nay thuong tu va co vai dinh khac nhau (hinh5.25, 5.27). Su xua't hien cac 
dinh nho 6 cac van pho v coo - co the la do hien tuong cdng hudng Fecmi, thuong r4t 
hay gap tren phd hong ngoai [87], 6 pho cua phuc CrCl (hinh 5.28) van v^,- tach 
thanh 2 van r5 rang vdi 2 dinh d 1617 va 1576 cm 1 , van v coo - cung tach thanh 2 van 
ro rang vdi 2 dinh d 1420 va 1385 cm 1 . Dieu do chung to cac nhom COO 6 gd'c 
tactrat trong phuc chat khong phoi tri giong nhau nhu cong thurc 6 hinh 5.24. 

Cac van ha'p thu d khoang 1300 - 1100 cm' 1 thudng duoc qui cho dao ddng hda 
tri va bien dang cua lien ket C-O d nhom C-OH ancol tham gia hoac khdng tham gia 
phoi tri, d dang khdng bi ion hda va ca d dang bi ion hda [91]. Ph6 hdng ngoai cua 
cac phuc tactrat, xitrat d viing tan so' nay thudng co nhieu van ha'p thu (bang 5.23, 
hinh 5.26 va hinh 5.28). Dieu do la hidn nhien bdi vi d cac goc tactrat va xitrat co 
cac nhom - OH ancol chung co thd d dang tu do, dang phoi tri, hoac dang ion hda rdi 
mdi phoi tri. Vdi phuc FeT2 FeT4, MnTl, so' luong van ha'p thu trong viing nay la 5 
van, giong vdi cac van pho cua axit tactric, chi khac cudng dd ha'p thu co thay d6i va 
thu tu cac van manh yeu khac nhau, nhu vay co the du doan trong cac phuc nay con 
co nhom OH ancol tu do. Khac vdi ba phuc tren, tren pho cua cac phirc FeTl, FeT3 
va CoTl (hinh 5.28) trong viing nay chi xua't hien hai van vdi cudng do yeu, chung to 
cac nhom OH cua ancol deu da tham gia phoi tri. 

Dang chu y la d cac phuc oxalat CrOl, FeOl, MnOl khdng hd co cac nhom - 
OH, ma tren pho cua chung ddu co mot hoac hai van cudng do trung binh a khoang 
1250 - 1260 cm 1 . Chi co cac phdc sat fomat FeFl la khdng co van ha'p thu nao trong 
viing tan so do, vi the chung toi cho rang su ha'p thu trong viing 1300 - 1100 cm' 1 
khdng chi gay nen bdi dao dong hoa tri v c . 0 d nhom C-OH ancol, ma con do dao 
dong hda tri cua lien ket C-C nua. O muoi K 2 C,0 4 khdng tha'y xua't hidn van v c ^. vi 2 
nhom COO tuong ducrng lam cho dao dong cua nhom lien ket C-C hoan toan ddi 
xung nen khdng hoat dong tren pho hong ngoai [86]. Khi da tham gia phoi tri, 2 
nhom COO' cua goc oxa’at phoi tri vdi kim loai khdng giong nhau nen khdng con 
tuong ducrng nua. do dd :!a xuat hien van v c . c . 6 cac phuc tactrat va xitrat trong vung 
1300 - 1200 cm' 1 co kha 'ihi f u v^n ha'p thu bdi vi co nhidu dao dong cua cac nhom 
C-0 va C-C khac nhau. 
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Viing t£n s 6 852 cm' 1 cua phirc sat xitrat FeCl xuat hien mot van c6 cuong do 
manh khac han v6i ph6 cua axit xitric, van nay duqc qui cho nhom -O-Fe-O-. 

6 vung tan sd tha'p cua pho (700 - 400 cm 1 ) thuong co ba hoac hai van yeu. 
Cac van nay la thudc dao dong hoa trj cua lien ket kim loai-oxi (v M . 0 , hinh 5.12 va 
hinh 5.14). So dT co hai hoac ba van la vi trong cac phirc nghien ciru co nhieu kieu 
lien ket M-0 khac nhau nhu M-OH, M-O-C, M-0-C=0, M<— 0=C, M<—OH-C. 

Nhu vay viec nghien ciru he thong ph6 hap thu hong ngoai cac phirc chat fomat, 
oxalat, tactrat, xitrat cua Mn(II), Mn(III), Fe(III), Cr(III), Co(II) va Ni(II) da cung 
ca'p nhirng thong tin ro rang ve cac nhom nguyen tir va each phoi tri cua chung trong 
cac phirc chat nghien ciru [77, 103, 105, 106]: 

1. H£u het cac phutc chat nghien ciru khong con nhom cacboxyl (-COOH). 

2. Trong cac phutc chat fomat, ion HCOO the hien dung luong phoi tri 1 hoac 
2. Lien k£t ph6i tri thuc hien qua 1 hoac 2 nguyen tu O cua ion fomat. 

3. Trong cac phirc chat oxalat, ion C 2 0 4 2- the hien dung luong phtfi tri 2. Lien 
k£t ph6'i tri thut nha't thuc hien qua O cua nhom cacboxylat nay, con lien ket phoi tri 
thir hai thuc hien qua O cua nhom cacboxylat kia. 

4. Trong cac phutc chat tactrat va xitrat, tuy thuoc vao dieu kien t6ng hop, ion 
tactrat va xitrat the hien dung luong phoi tri 2, 3 hoac 4. Nghla la lien ket phoi tri 
cua chung vdi cac ion trung tarn qua O' cua nhom cacboxylat, cua nhom ancolat va 
qua O cua nhom OH ancol. 

5.5.4. Pho dao dong cua day phutc chat rra«^-dicloro(metyleugenol)(amin) 
Pt(II) 

Cac phirc chat ma chung toi t6ng hop va nghien ciru co cong thutc nhu o hinh 
5.29, bang 5.2.4, o bang do metyleugenol duqc viet tat la Meug. 


K 


Cl 


OCH-> 


CHj-(J>-OCHj 


Cl h 2 c=ch 


(Ml) 


Am Cl 

V 


/ \ i 

Cl h 2 c=ch 


CH,- 



(M2-M10) 


Hinh 5.29. Ca'u tao cac phirc ghi trong bang 5.24. 


Ph6 dao dong cua phirc chat Ml duqc gidri thieu o cac hinh 5.30 va hinh 5.31. 
Pho cua m6t dai dien cho day phirc chat rra«5-dicloro(metyleugenol)(amin) cua 
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Pt(II) ma chung toi tong hop tu Ml dupe gidi thidu a hinh 5.32'va hinh 5.33. Cac van 
ha'p thu d vung tren 1500 cm' 1 va vung dudi 1500 cm' 1 cua cac phuc chat nghidn curu 
dupe quy ket nhu d bang 5.24 va 5.25. Su sai khac giua phd Raman va ph6 IR la do 
nhung nguyen nhan nhu da neu d muc 5.5.2. 

Vung pho lit 4000+1500 cm 1 cua cac phitc chat nghien cifu 

Nhu da biet, vdi cac amin tu do, van dao dong hoa tri cua nhom NH d amin bac 
1 la 3490 + 3400 cm' 1 , cua amin bac 2 co 1 van d khoang 3450^-3300 cm' 1 (bang 
5.5). Theo bang 5.24, d cac phurc ma chung toi nghifcn cuu, dao dong hoa tri v NH dfiu 
d khoang 3300 ~ 3200 cm 1 , tha'p han so vdi amin tu do. Di6u nay chung to co su tao 
phuc cua platin(II) vdi amin qua nguyen tu N do do lam yeu lien ket NH d cac phan 
tu amin nay. 

Metyleugenol la mot arylolephin thien nhien (xem cong thuc d hinh 5.29). d 
vung nhom churc, metyleugenol cho cac van phd ling vdi dao dong hoa tri cua lien ke't 
CH thorn, CH anken, CH no (2800-3100 cm 1 ), C=C anken (1640 cm ’) va C=C aren 
(1500-1600 cm ‘). Tren pho dao dong cua day phuc chat chua metyleugenol, cac van 
dac trung cho dao dong hoa tri cua lien ket CH thorn (v CH lhom , 3000 - 3100 cm “) la 
nhung van co cudng do rat nho, hoac chi la vai phd, bdi vdn dl chung co cudng dd 



Hinh 5.30. Pho IR cua phurc K[Pt(Meug)Cl 3 ]. 
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Hinh 5.31. Ph6 Raman cua phurc K[Pt(Meug)Cl 3 ]. 

yeu (bang 5.3) nen dd bi che la'p bcfi cac van ph6 co circmg do lorn hem ben canh 
chung. Cac van pho dac trirng cho dao dong CH no (v CH no , 2830 + 2960 cm ') co 
cubng dd bien doi tuy thude vao so luemg cac nhom no co trong phan tur. Van C=C 
anken cua metyleugenol tu do b 1640 cm' 1 khong tha'y xua't hien tren pho cua cac 
phuc nghien curu. Dieu do chung to metyleugenol da phoi tri vdi platin d lien ket 
C=C anken tuong tu nhu 6 muoi Xayze (hinh 5.18). 

Vung t^n s6 tijf 1625 den 1500 cm' 1 la vung chura nhieu van pho cudng do th 
yeu, trung binh, den manh duoc quy cho nhung loai dao dong hoa tri C=C vong 
thorn, C=C cua anken ph6'i tri (muc 5.5.1), va ca dao dong bien dang cua nhom NH 2 , 
8 nh . Khi cac van pho nay d g£n nhau, chung co th£ xen phu lan nhau. Vi the, neu 
trong phirc co chura vong thorn, C=C anken phoi tri va amin nhu cac phurc cua chung 
toi dang nghien cuu thi su quy ket rach roi cho timg dao dong la rat kho. Vi vay o 
bang 5.24 chi ghi chung la v c=c . 

Viing pho dtfdi 1500 cm 1 

Dao ddng bid'n dang cua nhom CH 2 , CH 3 no b cac phuc nghien curu th^ hien boi 
cac van trung binh o vung tijf 1490 den 1410 cm 1 , khong khac ma'y so vdi gia tri ghi 
trong bang 5.2. Cac van 6 vung tir 1255 den 995 cm' 1 la cac van dac trung cho dao 
ddng v c o , v c . c , v c . N . 

6 pho IR, Raman cua cac phurc nghien curu deu co cac van co cudng d6 tu trung 
binh den kha manh b viing 890 cm' 1 den 760 cm' 1 . Do chinh la vung the hien cac tan so 
dac trung cho dao ddng bien dang ngoai mat phing cua nhom CH thorn (y^, bang 5.14). 
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Bang 5.24. Cac van hap thu chinh trong vung nhom chuc trfin ph6 IR 
va pho Raman cua cac phuc chat [Pt(Meug)(Am)Cl z ], (cm ') 


Kf hieu 

Phuc chat 

Phd 

v NH 

V CH 

(thorn, 

anken) 

VcH(no) 

V c=c 

Meugl 

K[Pt(Meug)Cl 3 ] 

IR 


3100 

3010 

2952 

2834 

1591 

1514 

Raman 


3077 

3021 

2953 

2839 

1601 

1496 

Meug2 

[Pt(Meug)(NH 3 )Cl 2 ] 

IR 

3274 

3191 

3073 

2998 

2957 

2832 

1592 

1513 

Raman 

3244 

3194 

3081 

3002 

2944 

2837 

1608 

1508 

Meug3 

[Pt(Meug)(MeNH 2 )Cl 2 ] 

IR 

3221 

3270 

2999 

3058 

2955 

2834 

1591 

1515 

Meug4 

[Pt(Meug)(Et 2 NH 2 )Cl 2 ] 

IR 

3224 

3080 

2973,2935 

1592,1517 

3224 

3081 

2970,2936 

1593,1511 

Meug5 

[Pt(Meug)(c»-tol)Cl 2 ] 

IR 

3203 

3225 

3008 

3067 

2950 

2867 

1588 

1515 

Raman 


3087 

3010 

2960 

2876 

1612 

1504 

Meug6 

[Pt(Meug)(w-tol)Cl 2 ] 

IR 

3302 

3225 

3068 

3033 

2963,2914 

2834 

1593,1567 
1513 

Raman 

3229 

3085 

3050 

2958,2918 

2835 

1596 

1505 

Meug7 

[Pt(Meug)(p-tol)Cl 2 ] 

IR 

3282 

3220 

3070 

3006 

2930 

2833 

1586 

1513 

Raman 

3284 

3223 

3073 

3013 

2960 

2857 

1612 

1512 

Meug8 

[Pt(Meug)(o-ani)Cl 2 ] 

IR 

3248 

3213 

3069 

3017 

2941 

2841 

1599,1562 
1515 

Raman 

3209 

3078 

3013 

2957 

2875 

1596 

1563 

Meug9 

[Pt(Meug)(p-ani)Cl 2 ] 

IR 

3293 

3229 

3058 

3006 

2944 

2829 

1588 

1502 

Raman 

3227 

3066 

3009 

2961 

2838 

1615,1600 
1512 

MeuglO 

[Pt(Meug)(m-ani)Cl 2 ] 

IR 

3283 

3233 

3053 

3009 

2939 

2839 

1012, 1583 
1519 

Raman 

3234 

3076 

3013 

2945,2862 
2842 

1613.1598 
1510 
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Hinh 5.32. Ph6 IR cua phurc chat tra/i.s-[Pt(Meug)(Et 2 NH 2 )Cl 2 ]. 



Hinh 5.33. Pho Raman cua phurc chat rra«s-[Pt(Meug)(Et 2 NH 2 )Cl 2 ]. 

6 vung ph6 dudri 500 cm 1 , cac van pho Raman th6 hien vdi cac pic nhon, ro ma 
tren IR kh6ng tha'y duoc. Tren ph6 Raman cua cac phurc M2 M10 deu xuat hien 
van trung binh a 470-525 cm' 1 (hinh 5.33, bang 5.26), ma a ph6 cua Ml (hinh 5.31) 
khong co. Van nay duoc quy cho dao dong hoa tri cua lien ket Pt-N (Vp,. N , xem muc 
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5.5.2, bang 5.20 va 5.21). Dao ddng hoa tri cua lien ket Pt-C thd hidn a khoang -390 
cm 1 [114]. Van hap thu manh d khoang 340 cm 1 den 330 cm' 1 theo c6ng irinh (114] 
duoc quy ket cho dao dong hoa trj cua lien ket Pt-Cl(v Pl . c „ xem bang 5.20 va 5.21). 
Cac van pho viing 298cm 1 den 199 cm' 1 dac trung cho dao ddng bien dang cua cac 
nhom nguyen tu NPtCl, NPt(C=C), ClPt(C=C). 

Nhu a muc 5.5.2 da th&y, van pho dac trung cho dao ddng bien dang kidu 2 ludi 
keo cua nhom PtCl 2 (2 nguyen tu clo 6 vj tri cis voi nhau) 6 viing tan s6 tha'p la dau 
hieu cua c&u hinh cis. Trdn pho Raman cua Ml xuat hien van ph6 5p, a2 a 180 cm \ 
con tren pho cua cac phurc M2 -s- M10 thi khong tha'y. Didu nay cho phep ket luan cac 
phirc M2 t M10 co ca'u hinh trans. 


Bang 5.25. Cac van hap thu chinh trong viing dudi 1500 cm' 
tren pho IR va Raman cua cac phurc chat nghien cuu, (cm ') 


Kf hidu 

Ph6 

$CH 

V C-0» V C-0 V C-N 

Ych thorn 

V Pl-N 

V H C1 

$NHC1 

5hCl2 

Meugl 

IR 

1458, 1441 

1234,1140, 1021 

802,766 





Raman 

1449 

1255,1141, 1030 

825, 767 


331 

298 

180 

Meug2 

IR 

1464, 1445 

1258,1237, 1026 

813,768 

524 




Raman 

1447 

1253,1230, 1030 

805, 768 

525 

336 

233 


Meug3 

IR 

1452, 

1258, 1133, 1025 

804, 763 

525 




Meug4 

IR 

1460, 1448 

1252,1235, 1028 

802,761, 

478 




Raman 

1457 

1251,1217, 1008 

805,762 

493 

335 

197 


Meug5 

IR 

1467,1418 

1235,1140, 1017 

870,815,764 

470 




Raman 

1457 

1238,1155, 1047 

888,810, 767 

485 

333 

200 


Meug6 

IR 

1470, 1416 

1230,1140, 1027 

875,806, 765 

484 




Raman 

1439 

1255,1140, 1004 

888,815,766 

480 

332 

205 


Meug7 

IR 

1461, 1416 

1235,1156, 1025 

822,800, 770 

490 




Raman 

1417 

1212,1147, 1038 

838,810, 765 

489 

340 

216 


Meug8 

IR 

1494, 1462 

1234,1139, 1016 

816, 764, 750 

480 




Raman 

1497 

1246,1160, 1041 

830,767, 750 

489 

331 

199 


Meug9 

IR 

1467, 1433 

1239,1146, 1038 

860, 794, 760, 

500 




Raman 

1449, 1418 

1253, 1137,995 

890,800, 766 

485 

338 

215 

1 I 

MeuglO 

IR 

1466, 1415 

1245,1138, 1024 

845,820, 775 

500 



Raman 

1453 

1253,1141, 1009 

850,825, 764 

502 

340 

212 
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Chirong 6 

PHITONG PHAP PHO C0NG HUONG Tlf HAT NHAN 

6.1. SPIN HAT NHAN VA CONG HLfdNG TC/HAT NHAN 

6.1.1. Spin hat nhan va dieu kien cong huong 

Hat nhan nguyen tu gom cac proton va cac ncrtron. So luong tu spin cua proton 
cung nhu cua ncrtron deu bang 1/2. Tuy thudc vao viec cac spin cua nhirng hat 
nucleon do co cap doi hay khong ma hat nhan cua nguyen tu co the dupe dac trung 
bdi mot so luong tu spin hat nhan I bang khong hoac khac khong. Neu spin cua tat ca 
cac nucleon deu cap doi thi so luong tu spin hat nhan bang khong (I = 0). Neu cr hat 
nhan co mdt spin khong cap doi thi 1=1/2, neu co nhieu spin khong cap doi thi I £ 1. 

Co mdt so quy tac kinh nghiem de phong doan so luong tu spin hat nhan (con 
goi la spin hat nhan) nhu sau: 

a) I = 0 doi voi cac hat nhan chua so proton chan va so ncrtron cung chan, thi du 
cac hat nhan l6 0, l2 C, ,2 S,... 

b) I = so nguyen (1,2, 3...) doi v6i cac hat nhan chua so proton le va so ncrtron 
cung le, thi du l4 N, l0 B, 2 H (D)... 

c) I = nua so nguyen (1/2, 3/2, 5/2...) doi voi cac hat nhan co so proton chan, so 
notron le hoac ngupc lai, thi du ‘H, l9 F, l3 C, M P, 195 Pt, "B... 

Nhirng hat nhan “khong co spin” (I = 0) thi khong gay ra momen tir (p = 0) tuc 
la khong co tir tinh. Ngudi ta noi hat nhan do khong hoat d6ng tir va khong co cong 
huong tir hat nhan. Nhirng hat nhan co I * 0 gay ra mot momen tir p * 0. Hat nhan 
loai do hoat dong tir va co cong huong tir hat nhan. Mot vai tham so cua mot so hat 
nhan co tir tinh dupe liet ke o bang 6.1. 

Khi dat hat nhan co I ^ 0 (tuc p * 0) vao trong mot tir trudng B„ thi vecto 
momen tir hat nhan dupe dinh huong trong trudng B 0 theo so luong tir momen goc 
cua spin hat nhan m,. So luerng tir momen goc cua spin hat nhan se nhan mot trong 
(21 + 1) gia tri. do la mot trong cac so I, I - 1, ... -I + 1, -I. Thidu, khi I = 1/2 thi m, 
co hai gia tri la + 1/2 va - 1/2, khi I = 1 thi m, co 3 gia tri la 1, Ova -1. Dieu do co nghla 
la vecto momen tir hat nhan trong trudng B u se co cac each dinh huong nhu mo ta trong 
hinh 6.1 a, b. Su dinh hudng nay tuong ung vdi viec tao thanh cac muc nang luong hat 
nhan, nhu mo ta d hinh 6.1c, d. 
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Bang 6.1. Mdt vai tham s6 cua cac hat nhan c 6 tir tinh 


D6ng vi 

T^n s6 (MHz) c6ng 
hucmg a 23,49 kG 

Ham luong tu 
nhiftn, % 

DO nhay 
tuang dOi 

Spin (I) 

'H 

100,00 

99,98 

1,00 

1/2 

2 H 

15,35 

1,5 . 10 2 

9,65 . 10 3 

1 

7 Li 

38,86 

92,58 

0,293 

3/2 

"B 

32,08 

80,42 

0,165 

3/2 

l3 C 

25,14 

1,11 

1,59.10 2 

1/2 

U N 

7,229 

99,63 

1,01.10 3 

1 

15 n 

10,13 

0,37 

1,04.10° 

(-) 1/2 

17 0 

13,56 

3,7 . 10 2 

2,91.10 2 

(-) 5/2 

19 F 

94,08 

100 

0,833 

1/2 

23 Na 

26,45 

100 

9,25.10’ 2 

3/2 

27 A1 

26,06 

100 

0,206 

5/2 

29 Si 

19,86 

4,70 

7,84.10 3 

(-) 1/2 

3, P 

40,48 

100 

6,63.10 2 

1/2 

3, C1 

9,80 

75,53 

4,70.10 3 

3/2 

39 K 

4,67 

93,10 

5,08.10 4 

3/2 

4I K 

2,56 

6,88 

8,40. lO' 3 

3/2 

SI V 

26,28 

99,76 

0,382 

7/2 

53 Cr 

5,65 

9,55 

9,03.10 4 

3/2 

ss Mn 

24,66 

100 

0,175 

5/2 

,7 Fe 

3,23 

2,19 

3.37.10 5 

1/2 

. ,9 Co. 

23,61 

100 

0,277 

7/2 

65 Cu 

28,40 

30,91 

0,114 

3/2 

79 Br 

25,05 

50,54 

7,86.10 2 

3/2 

8l Br 

27,00 

49,46 

9,85.10 2 

3/2 

H, Rb 

9,65 

72,15 

1,05.10 2 

5/2 

ll3 Cd 

22,18 

12,26 

1,09.10 2 

5/2 

ll9 Sn 

37,27 

8,58 

5,18.10 2 

(-) 1/2 

l33 Cs 

13,12 

100 

4,74.10' 2 

7/2 

,95 Pt 

21,50 

33,8 

9,94.10 3 

1/2 

2° 7 p b 

20,92 

22,6 

9,16.10 3 

1/2 


296 







































































































































Cac ham song hat nhan ung v6i m, = + 1/2 va m, = - 1/2 dugc kf hieu taong 
urng la la> v£ ip>, vi vay cac hat nhan a cac mure nang lugng tirong urng dirge ggi la 
cac hat nhan a va p vdti s6 lirgng la N, va N 2 . 

Hi6u s6' giua hai mure nang lirgng hat nhan dugc tfnh boi bieu thurc: 


AE = 


YhB 0 

271 


(6.1) 


y: ti s 6 tir hdi chuy&i, dac trung cho m6i loai hat nhan; 


B„: cucmg do tir truemg; h: hang so Plank. 

Bieu thurc (6.1) cho tha'y AE phu thuoc vao ban than hat nhan va vao cudng do 
cua tu truong ap dat cho hat nhan. Vi AE = hv suy ra: 


v = 


yB 0 

271 


(6.2) 


Ket qua tfnh toan cho tha'y, neu cubng do tir trubng B 0 vao khoang 1,4 den 14T 
(T: Tesla) thi hieu s6' nang lugng AE tuong urng vdi burc xa co tan so tu 60 den 600 
MHz ,turc trong virng tan so cua song radio. 



T- m, = - 1/2 (p) 


AE 


m. = + 1/2 (a) 


V^ng 
ti/ trifdng 


Co 

tir trirdng 


V3ng 
ti/ tafdng 


Co 

tir tri/dng 


rrij = -1 


m, = 0 


m, = + 1 


c) 


d) 


Hinh 6.1. Su dinh hudng cua momen tir hat nhan va su tach tuong img 
mure nang lugng hat nhan (a va c: I = 1/2 , b va d: I = 1). 
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Gia sir hat nhan c6 spin bang 1/2 (thi du 'H, l3 C, l9 F...) dupe dat trong m6t tu 
trudng B 0 thi cac hat nhan do se co hai each dinh hudng (hinh 6.1a), tuc la se phfln 
bo d hai mire nang lupng (hinh 6.1c) vdi hieu s6 nang lupng tinh bdi edng thurc (6.1). 
Bay gicr n£u ta chieu vao miu song vo tuy£n co t£n s6 xac dinh bdi edng thuc (6.2) 
thi cac hat nhan a mire nang lirong tha'p se ha'p thu nang lupng cua song vo tuyen d£ 
chuyen len mire cao. Ngudi ta noi luc do da xay ra cong huong tu hat nhan (Nuclear 
Magnetic Resonance, viet tat la NMR). Qua trinh cac hat nhan 6 muc nang lupng cao 
giai phong phan nang luong hap thu dupe dd trd v6 muc nang lupng tha'p goi la qua 
trinh h6i phuc (xem hinh 6.1a va c). 

6.1.2. Ghi pho cong hudng tir hat nhan 

So do nguyen li cua may pho cong huong tu hat nhan dupe mo ta 6 hinh 6.2. 
Ong chira dung dich chat nghien cuu dupe dat giua tu trudng cua mot nam cham 
manh. Mot may phat cung cap song radio. Mot may thu song radio “theo doi” sir hap 
thu nang lupng thong qua cuon cam bao quanh miu. Tin hieu cong huong dupe 
khuech dai, roi truyen qua may tinh dS ghi lai, phan tich va ve phd. Hinh 6.3 gidi 
thieu pho cong huong proton cua mot phde chat cua platin. 


Hai cl/c nam cham 



Dung moi dung trong NMR can khong dupe chua nhung hat nhan cho tin hieu 
che la'p tin hieu chinh. Thi du, doi vdi cong huong tir proton thuong sir dung cac dung 
moi nhu CC1 4 , CDC1 4 , CD 2 C1 2 , CD,OD, CD,COCD 3 (d 6 -axeton), D 2 0... 6 cac dung 
moi nay thuong co mot lupng nho proton chua bi doteri hoa het, d6ng then cung co 
chira mot chut H 2 0 do hut am. Vi vay tren pho cong huong proton, cung vdi nhung 
tin hieu cua chat nghien cuu luon co nhung tin hieu cua proton con sot cua dung moi 
va proton cua nude. Tren pho cong huong H C thi luon co tin hieu cua cacbon cua 
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dung mdi. Mot s 6 tfnh chat cua dung moi dung trong cong huong tCr hat nhan dupe 
ghi 6 bang 6.3. 

Dung mdi phai dupe lua chon sao cho no hoa tan tot chat nghien ciru nhung 
khong gay ra nhung phan urng lam bid'n doi chat nghien curu theo huemg khong mong 
muon. Thdng thudng chi can khoang 5 - 10 mg mau la du de ghi pho. Ong thuy tinh 
dung mau co duong kfnh 5 mm chura khoang 0,5 - 1 ml dung dich hoac chat long 
nguyen chat va mpt lupng nho chat chuan dupe dat thang durng sao cho tir truong di 
ngang qua no. De tang tinh dong nha't cua tu trudng, ong dung mau dupe quay quanh 
true thang durng vPi t6'c dp khoang 30 vg/s beri mot tuabin khf. Nhiet do cua mau co 
the dupe diPu chinh (khi can thiet) bang cac luong khf nong hoac lanh. 



CH, 


TMS 

(chat chuan) 


J ^ 


CH 2 cua dictylamin 

_A_A_ 



-* - * l * --:---r—-1-- ■ T~*~- - - t ■ — 

5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 ppin 


V A 

|o 
lo 1 

=/ V. 

1 k 

r 

c 

) 

* —• 

3 CD 

U | 

c 

r 

1 UJ 

vO 


Hirth 6.3. Pho cong huong tir proton cua phuc chat /rans-[PtCl 2 (C 2 H 4 )(Et 2 NH)]. 

Cong huong tir hat nhan dupe phat hien boi Peexen, Bloc (MI) va Roling (Anh) 
vao nam 1946, ung dung vao Hoa huu co tir nam 1953. Tir do den nay ngay cang 
dupe phat tridn va hoan thien. No la mot cong cu dac lire cho cac nha hoa hoc trong 
viec xac dinh ca'u true phan tir. No khong thay the han dupe cho phuong phap pho 
hong ngoai va pho electron, nhung no cung ca'p lupng thong tin nhiPu hon va chi tiet 
hon. Nhd ap dung nam cham sieu dan, may tfnh dien tir, kl thuat NMR xung va ki 
thuat NMR hai chieu, phuong phap NMR vira trai qua mot cuoc each mang va dat 
dupe nhung thanh tuu ma kl thuat cong huong tir hat nhan truyen thong trude day 
khong lam dupe. 

6.2. DO CHUYfiN D|CH HOA HOC 


6.2.1. Djnh nghla 

De lam vf du, ta hay xet su cong huong tir proton ('H NMR) cua pinacolon 
CH,COC(CHJ, voi chat chuan la (CH,) 4 Si (Tetrametylsilan = TMS) (hinh 6.4). Ba 
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proton cua nhom metyl xeton la tuong ducmg nhau nhimg khac vdi 9 proton cua 
nhom tert -butyl (d6ng thdi cung khac vdi 12 proton cua TMS). Trdn hinh 6.4 ta tha'y 
theo chi6u tang cua cudng do t£r trudng (trai sang phai), cac proton nhom metyl 
xeton (H a ) cho tin hieu cong hudng trudc, tidp theo ddn cac proton cua nhom teri- 
butyl (H b ) va cuoi cung la cac proton cua chat chuan (H TMS ). Nhu thd, cac nhom 
proton do cong hudng d cac trudng manh yeu khac nhau. Ndu dung tan sd dd d|c 
trung cho cudng do tir trudng thi cac proton H a , H b va H TMS ian luot cong hudng d cac 
tan so v a , v b va v TMS tuong ling. 

Cac dai luong v a , v b va v TMS va do do hieu so Av giua chung khdng nhung phu 
thuoc vao ca'u tao hoa hoc ma con phu thuoc vao tan so lam viec cua may (v 0 ), do do 
khdng dung de dac trung cho cac loai proton duoc. The nhung ti so Av/v 0 lai khdng 
phu thudc vao may pho ma chi phu thuoc vao “ca'u tao hoa hoc cua cac proton”. 6 
hinh 6.4, true nam ngang phia trdn bi^u didn gia tri Av (do dich chuy^n tan sd so vdi 
v TMS ) doi vdi may pho lam viec d tin sd 60 MHz. 

600 500 400 300 200 100 0 Av,Hz 
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109 8 7 6 5 4 3 2 1 0 5 ppm 

Hinh 6.4. Pho ‘H NMR cua pinacolon vdi chat chuan la TMS. 


Do chuyen dich hod hoc (kf hieu la 8) duoc tfnh theo bieu thuc sau: 

“ V V10" = 

v. 


S = V TMS - v x 10 6 = Av 10 6 

V \t 1 1 


d day v TMS - t£n sd cong hudng cua cac proton d TMS ; 


(6.3) 
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v K - tan s6 cdng hudng cua proton d cSu tao dang xet; 

v„- tan s 6 lam vide cua may ph6; ppm (part per million): phan trieu. 

Ta hay tmh dd chuyd’n dich hoa hoc cua cac proton tren hinh 6.4. 
Dd'i vdi cac proton nhom metyl xeton (H a ): 


*H. “ 


_ V TMS ~ v a 1Q 6 _ 


126 


60.10 c 


.10° = 2,1 ppm 


Doi vdi cac proton 6 nhom tert -butyl (H b ): 



V TMS 


-^. 10 6 = 


60 


60.10 6 


.10° = l ppm 


Con dd'i vdi cac proton cua chat chudn TMS: 


s _ V TMS“ V TMS ,n6_ 0nnm 
°TMS -• *0 - O ppm 

v o 

6 hinh 6.4 do chuyen dich hoa hoc duoc bi£u didn tren true nam ngang phia 
dudi, con cirdng do tur trirdng thi tang theo chieu tir trai sang phai. 

Theo each djnh nghla nhir tren, proton nao cong hirdng d trirdng yeu hon se co 
dd chuyen dich hoa hoc ldn hem (hinh 6.4). Ngoai thang 5 vd do chuyen dich hoa hoc 
duoc dung ph6 bien hien nay, d cac tai lieu cu, co trudng hop ngudi ta con dung 
thang x cho do chuyen dich hoa hoc: 

x = 10 - 6 (ppm) 

Nhir the d thang 8, do chuyen dich hoa hoc cua TMS bang 0 con d thang x thi 
lai bang 10. Thang x ve do chuyen dich hoa hoc ngay nay rat it duoc su dung. Trong 
cuon sach nay chung toi chi su dung thang 8. 

Tren day da xet do chuyen dich hoa hoc cua proton. Doi vdi cac hat nhan khac 
do chuyen dich hoa hoc duoc dinh nghla mot each tong quat nhu sau: 

5 = Vchu ^ - Vx . 10 6 (ppm) (6.4) 

v o 

V chuin v x la tcin s 6 cong hudng cua hat nhan dung lam chuan va cua hat nhan 
nghien curu. Tuy theo loai hat nhan ma ngudi ta chon cac chat chuan khac nhau. Doi 
vdi cong hudng ttir hat nhan l3 C (viet tat la l3 C NMR), ngudi ta chon l3 C trong TMS 
lam chuan. Trong cong hudng tir hat nhan 19 F ( 19 F NMR), ngudi ta dung chat chuan 
la CC1 3 F, ... De cho gon, trong cuon sach nay do chuyen dich hoa hoc se duoc viet tat 
la cdhh. 


6.2.2. Cac yeu to noi phan tur anh hudng den do chuyen dich hoa hoc 

Hai yeu td noi phan tu anh hudng ldn den do chuyen dich hoa hoc (cdhh) la 
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anh huong cua cac electron bao quanh hat nhan (su chan tai ch6) va anh hucmg cua 
cac electron a cac nguyfen tu ben canh (su chan tu xa). 

a) Su chan tai cho 

TruPc het, ta xet truong hop proton. Trong phan tu, proton it nhi6u dfeu dupe 
bao quanh boi electron. DuPi tac dung cua tir truPng B D , electron se chuyfen dPng 
thanh mot dong difen vong quanh proton (hinh 6.5a). Dong difen vong nay lam phat 
sinh mot t£r truemg cam utig ma duemg su:c (du6ng cam ung tir) cua no dupe ve bang 
cac net dirt a hinh 6.5a. 6 vung gan hat nhan, tir tru6ng cam ung nay ngupc chifeu voi 
tir truong B,„ no chd'ng lai tir truong sinh ra no va lam cho tir truemg hifeu dung H hd 
quanh proton giam di so veri B 0 (B,, d < B 0 ). Nhu the, electron da “che chan” cho 
proton. Nguoi ta goi do la su chan man electron tai ch6 hay noi gon la su chin tai 
chd. Vi su chan tai ch6 lam giam cucmg dp tir truemg tac dpng tori hat nhan, do d6 
neu hat nhan dupe chan man nhifeu thi de cho no di vao cpng hucmg can phai tang 
cuPng do tir truong. Noi mot each lehac, hat nhan dupe chan man cang nhifeu thi tin 
hifeu cua no cang dich chuyen vfe phia truemg manh. 




Hinh 6.5a. Tir trudng cam umg Hinh 6.5b. Anh huong dp am difen cua 

cua dong dien vong. halogen den cdhh cua proton nhom metyl. 

Su chan tai chP phu thupc truPc het vao mat dp electron xung quanh hat nhan 
dang xet, do do no lifen quan true tiep den dp am difen cua cac nguyfen tu hoac nhom 
nguyfen tu dinh vpi hat nhan do. Dieu nay dupe chumg minh khi xet anh hucmg cua 
cac nguyen tu halogen den dp chuyen dich hoa hoc cua cac proton nhom metyl o cac 
metyl halogenua nhu trinh bay o hinh 6.5b . Su tang dp am difen theo trat tu tir I, Br, 
Cl den F lam giam su chan man electron dP'i vdi cac proton nhom metyl, lam cho tin 
hifeu cua chung chuyen ve phia truPng yeu (dp chuyen dich hoa hoc tang, hinh 6.5b). 
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Tuy nhflng thf du vi sir phu thuoc tuyen tfnh gifla do chuy£n dich hoa hoc va do am 
dipn nhir a hinh 6.5b la rat hiPm nhirng no cho ta mot y niem ro rang ve sir lien quan 
gifla do am dien vdi d6 chuyPn djch hoa hoc, noi mot each khac, gifla hieu flng cam 
flng vdi do chuyen djch hoa hoc. Cac nhom hut electron manh se lam giam su chan 
man electron va do do lam tang do chuyen dich hoa hoc, chang han: 


CH 3 -C- 5 h -~0,9; CH,-N- 5 h ~ 2,3; CH,-0- S H ~ 3,3 (ppm) 


Silic co do am dien nho hon cacbon. Vi v|y, cac proton trong TMS, (CH,) 4 Si, 
dupe chan man nhieu hon va tin hieu cong hudng cua chung dich chuyen ve phia 
trubng manh hon so vdi cac proton cua da sd cac hop chat hflu co khac. Chfnh vi thP 
ma ngucri ta chon TMS lam chat chuan de xac dinh do chuyen dich hoa hoc trong 'H 
NMR vbi dung y db cho do chuyen dich hoa hoc cua proton trong cac hop chat hflu 
co thong thuemg deu la nhflng s 6 duong (8 > 0). Cac kim Ioai co do am dien con nho 
hon nhieu so vbi Si, vi the hien nhien la cac proton dinh vbi kim loai (6 cac phfle 
hidrua kim loai) se co do chuyen dich hoa hoc am (xem bang 6.19, muc 6.5). 

Su chan man electron khong nhflng phu thuoc vao mat do electron ma con phu 
thuoc vao hinh dang va kich thude cua cac dam may electron. Cho nen trong khi do 
chuybn dich hoa hoc cua proton thubng bien doi tir 0 den 12 ppm thi do chuyen dich 
hoa hoc cua l3 C lai bien doi tdi 240 ppm, con do chuyen dich hoa hoc cua l9 F thi trai 
ra trong mot khoang rong hon nfla (hinh 6.6). 


HF CFjCOOH CF 4 CC/ 3 F SF 3 NF 3 F 2 UF g 

-1 - 1 - 1 - 1 - 1 - 1 - 1 - 1 - 

193 76 59 0 -57 - 147 -432 -762 8, ppm 

Hinh 6.6. Do chuyen dich hoa hoc cua 19 F (so vdi CC1,F). 
b) Su chan tit xa 

Su chan man gay ra bdi cac electron bao quanh proton (su chan tai ch6) nhu da 
xet 6 tren la mpt yeu t6' dong gop vao dp chuyen djch hoa hoc nhung khong phai la 
chfnh yeu va duy nha't. Ta hay xem dp chuyen dich hoa hoc cua proton 6 mot s6' hop 
chat tren hinh 6.7. 


CFjCOOH RCH = o’ CgHg CH 2 C/ 2 H 2 0 H 2 c = CH 2 CH = CH CgH 12 TMS 

, -4-♦-,- h -i t 

12 11 10 9 8 7 6 5 4 3 2 1 0 6, ppm 

«— Trifdng y§u Truong manh —» 


Hinh 6.7. Dp chuyen dich hoa hoc cua proton d mot vai hop chat. 
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Hinh 6.7 cho tha'y trait ttr ve dd chuyen dich hoa hoc khdng phai luc njko cung 
tuong ling vdi trat tu ve dd am dien. Chang han, proton cua benzen cho tin hiftu d 
trudng yeu hon proton cua etilen va proton cua axetilen mac dii dd am didn cua C 5p 2 
nho hon cua C sp . Them nua tin hieu cua proton d benzen the hidn d trudng yfiu hon so 
vdi proton 6 CH 2 C1 2 va d H 2 0 mac du mat dd electron xung quanh proton d cac hop 
chat nay khdng tuong ung vdi sir thay doi ve do chuytfn dich hoa hoc nhu the. 


Nhirng nguyen tu hoac nhom nguyen tu d b£n canh proton, dac bidt la nhirng 
nhom khong no, nhom vong thorn, hoac cac nguyen tu co chura cap electron khdng 
lien ket co th^ la nguon g6'c cua nhirng dong dien vong manh hon va tao ra xung 
quanh proton cac tir trucmg co hieu sua't 16n hon tir trucmg cua cac electron hoa tri 
cua chinh proton do. Chinh vi the nhung nhom nguyen tu ben canh proton cung c6 
tac dung “che chan” doi voi proton. Do la su chan tit xa. Sir chan tir xa con duoc goi 
la su chan bat dang huang boi vi 6 hudng nay thi bi chan con o hudmg kia thl lai bi 
phan chan. 


Ta hay xet su chan bat dang hudng cua vong benzen. Dudi tac dung cua trudng 
B c , he 6 electron n lien hop kin cua nhan benzen tao thanh mdt dong diSn vong ma tir 
trudng cua no (tir trudng cam ung) duoc bieu didn boi cac dudng sue nhu trong hinh 
6.8a. 6 khu vuc giua nhan benzen, k^ ca phia tren va phia dudi, trudng cam ung 
nguqc chieu vdi trudng B 0 , no lam giam B 0 . Khu vuc do duoc chan va duoc ki hi6u 
bang da'u (+). 6 khu vuc ngoai vong benzen (chu yeu nam d mat phang chda nhan 
benzen), trudng cam ung cung chieu vdi trudng B u , no lam tang B 0 . Ngudi ta noi khu 
vuc do duoc phan chan va ki hieu boi da'u (-). Nhu the, 6 proton cua benzen nam 6 
khu vuc phan chan. Noi mdt each khac, dong dien vong d nhan benzen khdng gay tac 
dung chan dd'i vdi 6 proton ma co tac dung phan chan dd'i vdi chung. Do do tin hidu 
cong hudng cua cac proton d benzen phai chuyen ve phia trudng y£u. 


Thuc te cac proton cua benzen cho tin hieu cong hudng d 5 = 7,27 (vi£t d£y du 
la: 7,27 ppm theo thang 6), nghla la chuyen dich nhieu v& trudng y^u so vdi cac 
proton d olefin. Ngudi ta nhan tha'y su chan ba't dang hudng manh nhu vay chi co d 
cac hop chat thorn. Dieu do khdng co gi ngac nhien boi vi d cac hop chat thorn d6u 
co vong phang vdi 4n + 2 electron n lien hop kin. 

Co nhirng trudng hop rat thu vi ve sir chan ba't dang hudng cua dong dien vong 
d cac hop chat thorn. Thi du, [18]-annulen (hinh 6.8b) cho hai chum tin hieu: chum 
tin hieu d trudng yeu (6 = 8,9) umg vdi 12H d phia ngoai vong, chum tin hidu d 
trudng manh (6 = -1,8) ung vdi 6H d phia trong vong. Can noi them la 6 proton phia 
trong vong duoc chan manh den mure lam cho chung cong hudng d trudng manh hon 
so vdi TMS (tin hieu cua chung d phia phai so vdi TMS dd cdhh am). Mdt thi du 
khac, tren pho ‘H NMR cua 1,6-metano xiclodecapentaen (hinh 6.8c) co hai nhom 
tin hieu: nhom thd nha't co tarn d 5 = 7,2 co cudng dd umg vdi 8H, nhom thu hai d 
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6 = 0,5 c 6 cufrng dd umg vdi 2H. Nhir the d [18]-annulen va 1,6-metano xiclodeca- 
pentaen, khi co tir trucmg ngoai, cac electron 7i tao thanh dong dien vong va gay ra sir 
chin bit d^ng hudng gidng nhir 6 benzen. Nhu vay, chung deu la cac hop chat thorn. 
Diia vao nhirng ket qua neu tren, ngucfi ta da sir dung cong hudng tir hat nhan nhu 
mdt phuong phap thuc nghiem thuan loi va hieu nghiem de xac dinh xem mot hop 
chat co phai la thorn hay khong. 


B 


o 



H H 




Hinh 6.8. a- Su chan bat dang hudng gay ra boi dong dien vong o 
nhan benzen; b- [18]-annulen; c- 1,6-metanoxiclodecapentaen. 


Khong chi vong thorn mdi gay ra su chan xa bat ding hudng. Cac lien ket boi 
nhu C=C, C=C, C=0, C=N, ... cac cap electron khong tham gia lien ket va ca lien ket 
don cung deu gay ra sir chin xa bat ding hudng. Sir chin bat ding hudng cua lien ket 
ba, lien ket doi va lien ket don duoc chi ra d hinh 6.9. 



Hinh 6.9. Su chin bit ding hudng cua lien ket ba (a) ; lien ket doi (b) 
va lien ket don (c); (+) viing chin; (-) viing phan chin. 
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Proton cua axetilen roi vao viing chin nen tin hieu cua no nim d trucmg manh 
hon; proton cua etilen roi vao vung phan chin - tin hieu cua no xuit hiSn d trucmg 
yeu hon. Sir chin bit ding huong cua nhom cacbonyl (C=0) ve hinh thuc gi6ng nhu 
nhom C=C (hinh 6.9b) nhung cudng do thi manh hon, do do proton cua nhom 
-CH=0 bi phan chin manh. Hon the, do su hut electron cua nhom C=0. sir chin tai 
ch6 a proton cua nhom -CH=0 cung bi giam. Vi hai yeu t6 do, tin hieu cua proton 
nhom andehit xuit hien a trucmg rit yeu (xem hinh 6.7). 

Su chin xa cua lien ket don C-C dupe md ta d hinh 6.9c, v6 hinh thuc giong vdi 
sir chin cua lien ket doi nhung ve cudng do thi yeu hon nhidu. Chinh su chin xa cua 
lien ket C-C giup giai thich vi sao khi dua them cac nhom ankyl vao CH,. tin hidu 
cong huong cua proton lai chuyen ve phia trucmg yeu. Noi mot each khac, su phan 
chan cua lien ket C-C da lam cho tin hieu cua proton nhom metyl the hipn d trucmg 
yen hon nhom metylen, va d trucmg yeu hon ca la nhom metin (8 CH > 8^, > 8 CHv 

bang 6.7). 

Vi sir chin xa la bit ding hudng cho nen cung mot nhom nguyen tu co the giy 
ra sir chin doi v6i hat nhin nay nhung lai phan chin doi vdi hat nhin kia. Do do khi 
phin tich pho NMR rit cin phai chu y den ciu true khong gian cua phin tu. Mat khac, 
sir chin bit ding hudng trong NMR se rit co fch trong viec nghien cuu hoa lip the. 


6.2.3. Hat nhan tuong duong ve do chuyen djeh hoa hoc 


Nln da biet, do chuyen dich hoa hoc cua m6i hat nhin khPng nhung phu thuoc 
vao ciu tao hoa hoc ma con phu thuoc vao vi trf khong gian cua no trong phin tir. De 
xet xem mot hop chit cho miy nhom tin hieu NMR, cin thiet phai biet trong phin tir 
cua no co bao nhieu nhom hat nhin giong nhau ve cau tao hoa hoc va ve vi trf khong 
gian ma ta tarn goi la cac hat nhan titcrng duong. Thi du, 4 nhom metyl 6 TMS la 
tuong duong cho n6n tren pho 'H NMR chi co mot tin hieu ung vdi 12H va tren ph6 
l3 C NMR cung chi co mot tin hieu cho 4 n C. O l-clo-2-metylprop-l-en (I), hai nhom 
metyl la khong tuong duong nen chung cho hai tin hieu khac nhau tren pho H NMR 
cung nhu tren pho l3 C NMR. C) hop chit P 4 S 3 (II) co 3P tuong duong va IP khac biet, 
vi the' tren pho 31 P NMR co hai nhom tin hieu d hai vi tri khac nhau. 


CH 3 Cl 

c = c y 

CH 3 H 


S S 


p- -p 

\p/ 


H F 

CH 3 -C -C-C/ 

i l 

H Br 


CH 3 

H -C - S*-R 

I i 

CH 3 0" 


I 


II 


III 


IV 


Cac hat nhin co cung do chuyen dich hoa hoc duoc goi la 
duong ve do chuyen dich hod hoc. Cac hat nhin co do chuyen 


cac hat nhin tuong 
dich hoa hoc khac 
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nhau goi ia cac hat nhan khdng tuong ditong ve do chuyen dich hod hoc. Khong phai 
luc nao cung c6 the dd dang nhan ra hai hat nhan la tuong duong ve do chuyen dich 
hoa hoc. Thf du, lieu hai proton d nhom metylen trong hop chat III co tuong duong 
ve do chuyen dich hoa hoc hay khdng? Cung hoi nhu vay doi vdi 6H va 2 n C 6 hai 
nhom metyl trong hop chat IV? Muon nhan ra cac hat nhan tuong duong ve do 
chuyen dich hoa hoc, ngufri ta thufrng dung phuong phap the (mot each hlnh thuc). 


Hay ap dung phuong phap the doi vefi cac proton H A va H B trong hop chat 
1,1-dicloeten (V). Khi the H A hoac H B bang D ta dupe hai cong thuc dong nha't tuc la 
chi thu dupe mot hop chat duy nha't. Hai proton co tmh chat nhu the dupe goi la hai 
proton homotopic (tarn dich la tuong dang), chung tuong duong ve do chuyen dich 
hoa hoc. 

H a 


H, 


X C = Q / 

/ \ 


V 


Cl 

D 

Cl 

H a 

Cl 


\ 

y 

\ 

/ 


U 

II 

u 

C = 

c 

Cl 

H B / 

X C/ 

D / 

x c/ 


Chi la mpt chat duy nha't 

O cac hop chat sau day, hai proton dupe viet tach biet la hai proton tuong dang, 
chung tuong duong ve do chuyen dich hoa hoc. 



6 hop chat bromclometan (VI) khi the H A hoac H B bang D ta dupe hai doi 
quang, vi the hai proton H A va H B , dupe goi la hai proton enantiotopic (tarn dich la 
doi dang). Hai proton doi dang cung tuong duong ve do chuyen dich hoa hoc. Trong 
thuc te, hai nhom nguyen tu tuong ling d hai doi quang co cung do chuyen dich hoa 
hoc khi do trong dung mdi khong quang hoat. 

Ha "<4^ s & ^ ^ Ha ^ Cl 

Hb^ Br H B ^ N Br -Br 


V] Hai doi quang 

6 cac hop chat sau day, cac proton hoac nhom proton viet tren true thing dung 
la doi ding, chung tuong duong ve do chuyen dich hoa hoc: 

H H Br CH 3 H H H 

I < III 


CH 3 - C - OH 

H 



H-C-F 

l 

ch 3 


Br-C-C-C-Cl 

I I I 
H H H 
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6 hcrp chat III, neu lin lucrt th€ m6i proton cua nhom metylen bang doteri sc 
khbng thu dupe hai cong thurc dong nha't, cung kh6ng thu dupe hai d6i quang ma thu 
dupe hai d6ng phan dia. Nguoi ta goi hai proton nhu thd la proton dia 
(diastereotopic). Hai proton dia c6 do chuydn dich hoa hoc khac nhau. chung khPng 
tuong duong ve do chuyen dich hoa hoc. Duoi day la m6t s6 thi du v& cac proton 
khong tuong duong kieu dia , do la 2 proton nhom metylen hoac 2 nhom metyl 6 b6n 
canh mot nguyen tu bat doi. 


H 

H 



CH 3 


H CH 3 H CH, X CH 3 

CH 3 -C-C*-C-CoH 5 H-C-C-Y X - C - S + - R 
iii ii i ; 

H C/ H ch 3 z ch 3 o~ 


Cac proton dia khong tuong duong ve do chuyen dich hoa hoc la mot dieu dd 
hieu, boi vi du 6 ca'u dang nao chung cung khac nhau vi tri tuong d6i so voi cac 
nhom the 6 nguyen tu cacbon bat doi. Viec chuyen doi giua cac ca'u dang do su quay 
quanh lien ket C - C thucmg phu thudc vao nhiet do (xem muc 6.2.4d). Nhu v|y, d6 
nhan ra cac proton khong tuong duong cdn thiet phai xem xet vi tn cua chung trong 
cac cau dang co the co cua phan tu. 


6.2.4. Cac yeu to ngoai phan tu anh huong den do chuyen dich hoa hoc 
a) Lien ket hidro 

Lien ket hidro gay ra su bien doi dang ke do chuyen dich hoa hoc cua proton 6 
cac nhom OH, NH va doi khi ca nhom SH. Chang han, proton cua nhom OH o ancol 
etylic khi do 6 dang nguyen chat cong huong 6 8 = 5,4, nhung khi do o dung dich 
loang (0,2M) trong CDC1 3 thi cong huong 6 8 = 2,6 nghla la 6 trudng manh hon so 
v6i proton nhom CH 2 (hinh 6.12). Theo mot so' tac gia neu ngoai suy cho truong hop 
khong co lien ket hidro thi proton cua nhom OH 6 ancol etylic cong huong 6 trubng 
cdn manh hon ca proton cua nhom CH } \ Dieu nay co le phai co nguyen nhan tir su 
chan xa cua cap electron tu do 6 oxi. Lien ket hidro tac dong true tiep tdi cap 
electron nay do do lam giam su chin xa va diy tin hieu proton ve phia truong yeu. 
Lien ket hidro cang manh thi tin hieu cua proton cang chuyen ve phia truong yeu. 
Thi du, proton nhom hidroxyl dang enol cua axetylaxeton cong huong 6 8= 15,4, 6 
cac axit cacboxylic, lien ket hidro (nhat la 6 dang dime) cung gop phin lam cho tin 
hieu cua proton chuyen ve tru6ng yeu (6 khoang 9-13 ppm). 

Nhu da biet, lien ket hidro phu thuoc nhieu vao ban chat cua dung moi, nong 
do va nhiet do. Chinh vi vay, do chuyen dich hoa hoc cua cac “proton axit” (voi 
nghla la cac proton nhom OH, NH) bien doi trong mot khoang rong (xem bang 6.2). 
Do do, de tim tin hieu cua cac “proton axit” chung ta cin xet xem chung co tao lien 
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k£t hidro hay khdng, mure dd lien keft hidro nhir the nao. 


Bang 6.2. Dd chuyen dich hoa hoc cua cac “proton axit” 


Hop chat 

5, ppm 

Hop chat 

6, ppm 

R-OH 

0,5 - 4,5 

R-SH 

1 - 2 

Ar-OH 

4,5 - 10 

Ar-SH 

3-4 

rnh 2 , r 2 nh 

1 - 5 

/ C=N - OH 

9-12 

ArNH 2 , ArNHR 

3-6 

rconh 2 , rconhr 

5-12 

RCOOH 

9-13 

^C-OH...O=C^ 

7-16 


b) Su trao doi proton 

Proton lien k£t vdi cac di t6 nhir O, N... khdng nhirng co kha nang tao lien k£t 
hidro ma con co kha nang trao ddi vdi proton cua cac tieu phan xung quanh. Su trao 
d6i proton cung the hidn ro tren ph6 NMR. Thi du, khi do ph6 cua CH 3 COOH trong 
H 2 0 ngudi ta khdng nh$n dupe tin hidu cua proton nhom COOH va proton cua nude 
mdt each rieng re ma nhan dupe mot tin hi6u chung cho chung. Do la do toe do ion 
hoa nhanh d£n muc ma su trao d6i xay ra khi proton a vao trang thai cong hudng: 

CH.COOH + H 2 0 CHjCOO” + H,0 + 

Khi do ph6 'H NMR cua NH 3 trong dung dich, ngudi ta cung khong tach biet 
dupe tin hipu cua proton NH va proton OH ma chi nhan dupe mot tin hipu chung do 
su trao d6i giua chung. 

c) Anh hu&ng cua dung moi 

Khi thay dung moi CC1 4 bang CDC1 3 , dd chuyen dich hoa hoc cua proton lien 
k£t vdi cacbon chi thay d6i khdng dang ke (± 0,1 ppm). Con khi chuyen sang cac 
dung moi phan cue hem nhu CD 3 OD, CD 3 COCD 3 , ... thi do chuyen dich hoa hoc thay 
d6i khoang ± 0,3 ppm. Thay CC1 4 hoac CDC1 3 bang benzen, cdhh thay d6i trong mdt 
khoang rong hem nhieu (± 1 ppm). Sd dT nhu vay la vi he electron 7t cua benzen gay 
ra su chan bat dang hudng rat manh, co the lam cho proton cua chat tan hoac bi chan, 
hoac bi phan chan so vdi khi d trong cac dung moi khac. 

Cac dung mdi dung trong phucmg phap NMR ddu da dupe doteri hoa. Tuy 
nhien, nhumg proton con sot lai (chua bi doteri hoa) thudng van cho tin hieu tren ph6. 
Ngoai ra, vet nude trong dung mdi cung co the gay ra tin hieu tren ph6 'H NMR. Tin 
hieu cacbon-13 cua dung mdi cung xua't hidn tren ph6 l3 C NMR. Nhirng tin hieu cua 
dung mdi dupe chi ra d bang 6.3. 
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Bang 63. Dung m6i dung trong c6ng hucmg tir hat nhan 


Dung m 6 i 

'H NMR, 5 (ppm) 

,3 C NMR 

t*nc * 

t’s * 


'H con sot 

Nude dm 

5 (ppm) 

D 6 bOi, J( n C, D). (Hz) 

re* 

( C) 

[D 6 ] Axeton 

2,04 

-2,75 

29,3 

septet, 20 

-95 

56 

(CD^OCD,) 



206,3 

multiples < 1 



[D-,] Axetonitril 

1,93 

- 2,2 

1,3 

septet, 21 

- 45 

82 

(CD,CN) 



117,7 

multiplet, < 1 



Axit [D 4 ] Axetic 

2,03 


20,0 

septet, 20 

17 

118 

(CD.COOD) 

11,53 


178,4 

multiplet, < 1 



[D fi ] Benzen.CQDJ 

7,27 


128,0 

triplet, 24 

6 

80 

[D,] Bromofom 

6,83 


10,2 

triplet, 31,5 

8 

150 

(CDBrd 







Carbon tetraclorua 

- 


96,0 

singlet 

- 23 

77 

(CCU 







Carbon disunfua 

- 


192,8 

singlet 

- 112 

46 

(CS 2 ) 







[D,] Clorofom 

7,24 

- 1,6 

77,0 

triplet, 32 

- 64 

61 

(CDC1,) 







[D 2 ] Diclorometan 

5,32 


53,5 

quintet, 27 

-97 

40 

(CD,C1,) 




> 



[D 6 ] Dimetylsunfoxit 

2,49 

-3,3 

39,7 

septet, 21 

19 

189 

(CD.SOCD,) 







[D 8 ] Dioxane 

3,58 


66,5 

quintet, 22 

12 

102 

(( 4 D 8 0 2 ) 







[D 18 ] Hexametyl 
phosphoric triamit 

2,53 


35,8 

septet, 21 

7 

233 

[(CD 3 ) 2 N] 3 PO 







[D 4 ] Metanol 

3,35 

-4,88 

49,3 

septet, 21 

-98 

64 

(CD,OD) 

4,78 






% 

[D 5 ] Nitrobenzen 

7,50;7,67 




6 

211 

(CD,NO,) 

8,11 






[D,] Nude, (D,0) 

4.65 


- 

- 

0 

100 

[D s ] Pyridin 

7,19 


123,5 

triplet, 25 

-42 

115 

(C 5 D 5 N) 

7,55 


135,5 

triplet, 24 




8,71 


149,5 

triplet, 27 



[D 2 ] Tetracloroetan 

1,1,2,2- (C,D,C1 4 ) 

6,00 




-44 

146 

[D„] Tetrahydrofuran 

1,73 


25,5 

quintet, 21 

- 108 

66 

(C d D,0) 

3,58 


67,7 

quintet, 22 



[D 8 ] Toluen 

2,30 




-95 

111 

(QD 3 CD 3 ) 

7,19 






[D,] Trifluoroaxetic 

11,5 


116,5 

quartet, 'J(C, F) 283 

- 15 

72 

axit, (CF^OOD) 



164,4 

quartet, 2 J(C, F) 44 



[D i2 ] Xiclohexan (CJ)^) 

1,42 




7 

81 


* Gid tri ld'y cua dung moi chua doteri hod 
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d) Anh huang cua nhiet do 

Vi tri tin hieu cdng hudng cua cac proton lien ket vdi cacbon thudng rat it bj 
anh huang bdi nhiet dd. DO chuyen dich hoa hoc cua cac proton trong cac nhom OH, 
NH, SH lai phu thudc nhidu vao su thay d6i nhiet do. Nhiet do tang lam dut cac lien 
kS't hidro, do do lam cho tin hieu cua cac proton cua cac nhom do chuyen dich ve 
phia trudng manh. 

Nhiet do anh huang tdi toe do quay cua cac nhom nguyen tur trong phan tu do 
d6 anh huang tdi toe do chuyen doi giua cac ca'u dang. Neu toe do chuyen doi giua 
cac ca'u dang la nho, thdi gian song cua m6i ca'u dang du lan thi may pho co the ghi 
lai dupe tin hieu cong huang rieng biet cua m6i ca'u dang. Khi toe do quay lan, dai 
sd'ng cua m6i ca'u dang rat ngan, ta chi thu duqc mot tin hieu chung do ket qua trung 
binh hoa cac tin hieu rieng. Thi du, tren pho ‘H NMR cua dimetyl fomamit a nhiet 
dp thudng co hai tin hieu ung vdi hai nhom metyl khdng tuang duang. Den 92°C van 
con phan biet duqc ro hai tin hieu do, nhung khi tang d^n nhiet do, hai tin hieu do xit 
d^n va hoa nhap vao nhau a nhiet do 145°C. Tren ph6 ‘H NMR cua xiclohexan a 
nhiet do thubng chi co 1 van cong huang a 1,44 ppm chung cho ca 12 proton, nhung 
a -60 °C thi 6 proton H c cong huang a 1,6 ppm, con 6 proton H a cong huang a 1,1 
ppm. Tren ph6 ‘H NMR cua phuc (r|'-Cp)(ri 5 -Cp)Fe(CO )2 a 30 °C co 2 tin hieu tuang 
ung vdi 2 nhom C,H 5 , nhung a -100°C lai co 4 cum tin hieu cong huang (hinh 6.42). 


6.3. TlfONG TAC SPIN-SPIN 

6.3.1. Ban chait cua tuang tac spin-spin 

Nhu a muc 6.2.3 da neu, cac hat nhan tuang duang ve ca'u tao hoa hoc trong 
phan tu se cho mot cum tin hieu cong huang ma ta goi la mot van cong hudng. Hinh 
dang va do boi cua van cong huang do phu thuoc vao cac hat nhan khac co mat trong 
phan tu. Vi du, 4 proton a etilen kh6ng pho'i tri cho 1 van cong huang chi gom 1 hap 
phan duy nha't (goi la van dan). Khi phoi tri trong muoi Xayze, 4 proton do cung van 
la tuang duang nhung lai cho mot van ph6 gom 1 tin hieu trung tarn vdi cucmg do lan 
va 2 tin hieu ve tinh vai cudng do nho (hinh 6.10a). Hai nguyen tu C a muoi Xayze 
la tuang duang, nhung chung cung cho mot van pho co hinh dang tuang tu: gom 1 
tin hieu trung tarn va 2 tin hieu ve tinh (hinh 6.10b). 

Nguyen nhan gay nen su tach tin hieu cong hudng thanh nhieu hop phan la do 
tuang tac cua cac hat nhan co tir tinh d canh nhau. Tuang tac do duqc thuc hien qua 
cac electron lien ket. Thi du nhu tuang tac giua hai hat nhan ‘H va l9 F duqc trinh bay 
d hinh 6.11. 

Hai hat nhan H va F deu co I = 1/2 nen d£u co hai each dinh hudng (a va (3) 
trong tur trudng B„. Momen tir cua hat nhan F gay ra su phan cue tir doi vdi electron 
quanh no. Tac dung do duqc truyen tdi hat nhan H nhd cac electron lien ket, tuan thu 
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4,75 4.70 4.6b 4.60 4.55 



Hinh 6.10. Ph6 NMR cua [Pt(C 2 H 4 )Cl 3 ]: (a) tin hieu proton; (b) tin hieu cacbon. 



t Momen tif hat nh3n ; t Sif phin ci/c ti/ cua electron 

Hinh 6.11. Tirctng tac spin-spin a) phan tir HF, b) nhom >CHF. 


nguyen If Pauli va quy tac Hund. Theo do, doi v6i cac obitan khac tarn (cac obitan 
cua hai nguyen tir xen phu nhau tao ra lien ket, chang han 6 hinh 6.1 la) thi su phan 
cue tir la doi song song, con doi v6i cac obitan suy bien ciing tam (thi du cac obitan 
lai hoa cua C, hinh 6.11b) thi sir phan cue tir la song song. Nhu vay, ciing mot tir 
truemg ngoai B u nhu nhau, nhung hat nhan H chiu them anh huemg tir trucmg cua F ia ,, 
con hat nhan H’ chiu them anh huong tir truong cua F ( p). Ket qua la H va H si cong 
hudng a hai tan so khac nhau mot chut, nghTa la tin hieu cua H d HF bi tach thanh 
hai hop phan voi ti le citdng do 1:1. Tuong tu nhu the, momen tir cua H, a , va H,p, 
cung gay anh huong khac nhau den tir trucmg hat nhan F. Hqu qua la tin hieu cong 
hudng cua F cung bi tach thanh hai hop phan vdi ti le citdng do la 1:1. Nguoi ta noi 
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giffa hai hat nhan H F co titong tdc spin-spin . Cac hat nhan tuong tac spin-spin 
vdi nhau hap thanh mdt he spin. Trong cudn sach nay tirang tac spin-spin dupe viet 
tat la ttss. 

Hay xet ph<5 cua etanol a hinh 6.12. Tin hieu cua nhom CH 2 g6m 4 hop phan, 
goi la van bon (quarted, q); tin hieu cua nhom CH 3 g6m 3 hop phan, goi la van ba 
(triplet); tin hieu cua nhom OH chi g6m 1 hop phan thi duac goi la van dcm (singlet). 
(N£u mpt tin hieu g6m 2 hop phan thi dupe goi la van doi, doublet, d). 



Van pho d 2,6 ppm la thuoc proton cua nhom OH (H c ) (vi trf van do thay doi 
theo m6i truemg). Van ba 6 1,22 ppm (truemg manh hon) thuoc cac proton cua nhom 
CH, (H a , xa nhom hut electron). Van bon (quartet) o 3,70 ppm (truefng yeu hon) 
thuoc cac proton 0 gan nhom hut electron, tuc cac proton nhom CH 2 (H b ). 

Vi sao tin hieu cua nhom CH 3 bi tach thanh ba hop phdn, con tin hieu cua 
nhom CH 2 thi bi tach thanh 4 hop phan? Ta co the giai thich nhu sau: cac proton 
nhom CH 2 (H h ) co 4 each dinh huorng ung v6i ba tong spin (XI) khac nhau (1,0,- 1). 
Hai each dinh hudmg aP va Pa la suy bien boi vi chung khong khac nhau ve mat 
nang lupng (bang 6.4) nen ca thay chi co 3 muc nang lupng. Ti so cac hat nhan o ba 
mire nay la 1: 2: 1. Do do, nhom CH 2 lam tach tin hieu cong hudng cua nhom CH 3 
(H a ) thanh 3 herp phan vdi ti so cucmg do la 1 : 2 : 1 (hinh 6.12). 

Ba proton nhom CH 3 co t6i 8 each dinh hudng khac nhau, nhung vi cac each to 
hop aaP, aPa, Paa la suy bien (ctmg muc nang lupng), ba to hop app, PaP, ppa 
cung suy bie'n, nen ca thay chi co 4 mdc nang lupng khac nhau urng vdi 4 tong spin 

3 i i 3 

khac nhau la —. —, - —, - - (bang 6.4). So hat nhan 6 4 muc nang lupng do ti le 
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vdi 1: 3: 3: 1. Do do nhom CH, lam tach tin hieu cdng huong cua nhom CH 2 (H h ) 
thanh 4 hop phan vdi ti le cudng do la 1: 3: 3: 1 (hinh 6.12). 


Bang 6.4. Cac each dinh huong spin 6 nhom CH 2 va nhom CH, 



Hai proton nhom CH 2 

Ba proton nh6m CH, 

Cac t6 
hap 

Tt(a, a) 

T i (ap) 
4t (Pa) 

U (pp) 

ttt 

(aaa) 

TT4(aap) 
TiT (aPa) 
4TT (Paa) 

144 (aPP) 
4t4 (paP) 
44t (ppa) 

444 

(PPP) 

II 

+ 1 

0 

- 1 

3 

+ — 

2 

1 

+ 2 

1 

’ 2 

3 

’ 2 


Trong trudng hop tong quat hon, khi tin hieu cua mot hat nhan A bi phan tach 
bdi cac hat nhan K thi so vach (so hop phan) thuoc van ph6 cua A (n A ) se dupe tinh 
bdi bieu thCrc: 

n A = 1 + 2 X S K (6.5) 

6 day XS K la t6ng spin cua cac hat nhan dong nha't K. Ta co the minh hoa cho 
bieu thurc tren nhu o bang 6.5. 


Bang 6.5. Su tach van pho do ttss 6 m6t vai hop chat 


Phan tir 

Nhom bi tach (A) 

Nhom gay tach (K) 

IS K 

n A 

CH,CH 2 OH 

ch 3 

ch 2 

1 

3 

ch 3 ch 2 oh 

ch 2 

ch 3 

3/2 

4 

pf 3 

p 

F 

3/2 

4 

pf 3 

F 

P 

1/2 

2 

(CH 3 ) 4 N + 

ch 3 

N 

1 

3 


Nhu vay, viec tach tin hieu cong hiring cua mot hat nhan khong phai do chinh 
hat nhan do ma do cac hat nhan co tit tinh khac tuong tac spin-spin vai no gay nen 
va chi cac hat nhan khong tuong duong tit mdi gay tach tin hieu cua nhau, con cac 
hat nhan tuong duong tit thi khong gay tach tin hieu cua nhau. 

Tro lai vdi pho proton cua mu6'i Xayze 6 hinh 6.10, bay gio ta co th6 giai thich 
su tach van pho cong huong cua 4 proton cua etilen ph6'i tri vdi platin nhu sau. Cac 
dong vj l94 Pt, l96 Pt, 198 Pt co ham lupng tu nhien tong cong la 66,4% nhung deu co 
spin bang khong. Vi vay tin hieu c6ng huong proton cua cac phan tu etilen phoi tri 
voi cac dong vi do khong bi tach va the hien boi tin hieu trung tarn vdi cudng dd ldn 
(66,4%) d 4,650 ppm. Dong vi 1 Pt chie'm 33,6% co spin bang 1/2 nen gay tach tin 
hieu proton cua cac phan tu etilen phoi tri vdi no thanh 2 hop phdn goi la 2 tin hieu 
ve tinh d 4,583 va 4,716 ppm vdi cudng do tong cong 33,6%. 
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6.3.2. Hang so tuong tac spin-spin (hang so tach) 

Khoang each giffa hai hop ph^n (tinh ra Hz) bj tach ra bdi ttss dupe ki hieu la J. 
Thi du, d hinh 6.12, khoang each giua cac hop phan d van bon (nhom CH 2 ) va d van 
ba (nhom CH-,) d£u bang 7 Hz. No dupe viet la J(H a ,H b ) = 7 Hz, viet gon la J ab = 7 
Hz. Khoang each giua 2 tin hieu ve tinh d hinh 6.10 la: (4,583 - 4,716) x 500 = 66,5 
Hz (phd do tren may 500 MHz). No duoc ki hieu la Jp, H = 66,5 Hz. 

Khi chuye’n tir may phd nay sang may phd khac, tan so cua m6i van phd co the 
thay doi nhung gia tri J luon luon khong doi. Vi the J duoc goi la hang so tuang tac 
spin-spin, hoac con goi la hdng so tach. Hien tuong tuong tac spin-spin ve hinh thirc 
giong nhu su ghep doi spin (hinh 6.11), vi the ngudi ta con goi la su ghep spin. Tuy 
nhien, khong nen vi the ma dung tir “hang so ghep” de dac trung cho su tach tin hieu 
cong hucmg thanh cac hop phan. 

Do 16n cua hang s6' tach J phu thuoc vao nhung yeu to nao? 

Gia tri cua J phu thuoc tru6c het vao ban chat cua hai hat nhan tuong tac. De 
chi rd cac hat nhan tuong tac gay ra su tach van phd, ngucri ta ghi phia dudi ben phai 
J ki hieu cua cac hat nhan do, thi du J HH ., J HF , J HP ... C) cac hop chat huu co, J HH . bien 
doi tir 0 den vai chuc Hz trong khi do J HC bien doi tir 0 den hang tram con J HP den 
hang vai tram Hz (chi tiet xem cac bang 6.10). 


Tuong tac spin-spin giffa cac hat nhan dupe truyen qua cac cap electron ghep 
doi (lien ket) vi the hang so ttss phai phu thuoc vao so lien ket va ban chat cac lien 
ket ngan giua hai hat nhan tuong tac. Khi so lien ket ngan giua hai hat nhan tuong 
tac tang thi J giam. Thiidng thi ttss chi dang ki khi no truyen qua khong qua 3 lien 
ket cr. Nlumg nen trong mach co ca lien ket nthi ttss co the phat huy tac dung qua 4 
hoac 5 lien ket. De chi ro s6 lien ket ngan giua hai hat nhan tuong tac nguoi ta dung 
chu so dat phia tren ben trai ki hieu J. Hay xem each ghi cac ki hieu va su bien doi 
gia tri hang so tach d cac hop chat dudi day. 


ill i i / i D 

H-C-C-C- -C=C-C- -C-C=CH-C- H a -P v 

• “ill ill ii i \ ii 

H b He H d H a H b H c H a H b H c O-C-C-H. 

( ^hh) = 0-25 J ab ( Jhh) = 0-12 J ab ( J HH ) = 4-10 J PHa ( 1 J PH ) = 180 - 220 
( Jhh) = 0-8 J ac ( J HH ) -0-3 J ar ( J HH ) = 0-2 J PHb ( J PH ) = 10-20 
J««i ( Jhh) = 0 - 1 J ad ( J H h) = 12 - 18 J PHc ( J PH ) = 0-3 


Hang so tach J rat nhay cam vai su thay doi can true khong gian cua phan tit. 
Chang han, hang so tach vixinal, 'J, thay doi theo dd ldn goc nhi dien, giua hai 
lien ket C-H, theo do dai lien ket C-C ngan giua chung va theo do ldn goc hoa tri 0 
va 0’ (hinh 6.13). Thi du: 
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O l> < <t> < 90° thi 3 J hh = 8,5 cos 2 <|> - 0,28; 

90° < <(> ^ 180° thi 3 J HH = 9,5 cos 2 4> - 0,28; 

Tuang tac spin - spin l3 C - 2 H ( l3 C - D) chi 
gap trong cac hap chat dateri hoa. Vi doteri co 
spin hat nhan bang 1, nen s6' vach tach boi no la 
ldn hon so v6i bofi proton (xem muc 6.3.1, c6ng 
thurc 6.5), them nQa ti le circmg dp giQa cac vach 
bi tach ra cung khac so v6i trucmg hop cua 
proton. Vi du khi sir dung dung m6i la CDC1„ 
tren pho 13 C NMR luon co tin hipu cua dung m6i 
la mot van ba vdi cudng d6 tuang dPi la 1: 1: 16 
77 - 78 ppm. Van ba do la tin hipu cua l3 C bi 
tach ra boi tuong tac vdi D. V6i dung moi la d 6 - DMSO tin hipu cua hai cacbon 
tuang duang the hipn boi van bay v6i cucrng do tuong d6'i la 1; 3: 6: 7: 6: 3: 1 6 40 
ppm. Vi tri tin hipu cua 13 C 6 mpt s 6 dung moi thong thuong doteri hoa (8 C , ppm) la 
nhu sau (gia tri trong da'u ngoac chi do boi). 

Dung mdi Axeton Axetonitril Benzen Cloroform DMSO Metanol 

Dateri h6a 29,8 (7) 1,2 (7) 128 (3) 77 (3) 39,7 (7) 49,0(7) 

KhOng doteri hoa 30,5 (4) 1,6 (4) 128,5 (2) 77,2 (2) 40,6 (4) 49,9 (4) 

Tuang tac l3 C - l3 C khong gap 6 cac hop chat thong thu6ng boi vi ham luong 
l3 C trong tu nhien chi chiem 1,1 % do do xac sua't de hai nguydn tu ,3 C lien ket true 
tiep v6i nhau trong mot phan tu la rat nho be. Tuy nhien trong nhung nghien cuu 
rieng biet trong llnh vuc hoa sinh, ngu6i ta tao ra nhung hop chat ma * C da dupe lam 
giau. Khi do co the quan sat tha'y su tach van pho do tuong tac 13 C - l3 C. Ne'u mdt 
nguyen tu l3 C x lien ket true tie'p v6i mot nguyen tu 13 C y thi hang s6 tach J c c dupe 
tinh dua vao phan tram obitan s trong trang thai lai hoa cua chung: 

‘J Cx c y = 0,073 (%, S x ) (%, S y ) - 17 (Hz) 

Chang han hang so tach giua Csp 2 va Csp 3 6 toluen tinh dupe la 43 Hz con gia 
tri do dupe la 44 Hz. Khi co nhung nhom the am dien dinh v6i cacbon dang xet thi 
gia trj J se thay doi nhieu so v6i tinh toan nhung cung khong vupt qua 180 Hz. 

Tuang tac 'H - 31 P va 'H - ,9 F la nhung tuong tac thuemg gap. Gia tri hang s6 
tach cua chung dupe ghi trong bang 6.6. ( 3I P va l9 F deu co spin 1/2). 



Hinh 6.13. Cac goc hop boi hai 
lien ket C-H vixinal. 
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Bang 6.6. Hang so tach d<5i vdi cac ttss 'H - /9 F va 'H - 31 P 


Ca'u true 

JpH 

Ca'u true 

■Ifh 

Photphin 

‘J PH 180 - 200, 2 Jp H 0-15, 

> CHF 

45 - 52 


JpCCH 13-41 

>C=CHF 

72 - 90 

Photphin oxit 

‘Jp H 200 - 750, 2 J PH 5 - 25, 

H 3 C-CF< 

20 - 24 


3 J PC ch 14-30 

>HC-CF< 

0 - 45 

Mudi photphonium 

'J PH 400 - 900, 2 J ph 10-18 

-HC=CF-c/5 

3 - 20 

Photphit 

■IpocH 5-14 

-HC=CF -trans 

12 - 53 

Photphat 

•Ipoch 5 • 20 

C 6 H 5 F ( o, m, p) 

0-11 


6.4. PH 6 ’H NMR VA 13 C NMR cClA HOP CHAT HCTU CO [87, 93, 94] 

Da sd cac loai hop chat huu co deu da dupe stir dung lam phoi tu trong hoa hoc 
phurc chat. Trong nhidu trudng hop, viec phan tich pho 'H NMR va pho L< C NMR cua 
phirc chat chmh la phan tich pho cua cac phan tu hoac nhom huu co phoi tri. Vi vay 
trudc het phai nam virng nhung dac diem co ban ve pho cua cac hop chat huu co. 

6.4.1. Do chuyen dich hoa hoc cua proton 

Do chuyen dich hoa hoc cua proton dinh vdi cacbon no dupe dan ra o bang 6.7. 


Bang 6.7. Do chuyen dich hoa hoc cua proton dinh vdi C no, 8, ppm 



Proton nhom 
metyl 

5 h 

Proton nhom 
metylen 

6h 

Proton nhom 

metin 

8h 

C 

ch 3 -r 

0,9 

r-ch 2 -r 

1.4 

>CH-R 

1,5 


ch 3 -c-c=c 

1,1 

r-ch 2 -c-c=c 

1,7 



ch 3 -c-o 

1,3 

r-ch 2 -c-o 

1,9 

>CH-C-0 

2,0 


ch 3 -c-n 

1,1 

r-ch 2 -c-n 

1,4 



ch 3 -c-no 2 

1,6 

r-ch 2 -c-no 2 

2,1 



ch 3 -c=c 

1,6 

r-ch 2 -c=c 

2,3 



CH 3 -Ar 

2,3 

R-CH 2 -Ar 

2,7 

>CH-Ar 

3,0 


ch 3 -c=c-c=o 

2,0 

r-ch 2 -c=c-c=o 

2,4 

>CH-C=C 

2,5 


C=C(CH 3 )-C=0 

1,8 

C=C(CH 2 -R)-C=0 

2,4 



ch 3 -c=c 

1,8 

r-ch 2 -c=c 

2,2 

>CH-OC 

2,6 


ch 3 -co-r 

2,2 

r-ch 2 -co-r 

2,4 

>CH-CO-R 

2,7 


CH 3 -CO-Ar 

2,6 

R-CH 2 -CO-Ar 

2,9 

>CH-CO-Ar 

3,3 
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Bang 6.7. ( tii'p theo) 



Proton nhom 

metyl 

5h 

Proton nhom 
metylen 

8 h 

Proton nhom 

metin 

5 h 


CH 3 -CO-OR 

2,0 

r-ch 2 -co-or 

2,2 

>CH-CO-OR 

2,5 


CH 3 -CO-OAr 

2,4 

R-CH 2 -CO-Hal 

2,5-3,0 

>CH-CO-N 

2.4 


CH 3 -CO-N 

2,0 

r-ch 2 -co-n 

2,2 

>CH-C=N 

2,6 


CH 3 -CO-Hal 

2,5 

r-ch 2 -c=n 

2,3 

>CH-ON 

2,7 


ch 3 -c=n- 

2,0 

-c=c-ch 2 -c=c 

2,6 


N 

CH 3 -N 

2,3 

r-ch 2 -n 

2,5 

>CH-N 

2,8 


CH 3 -N-Ar 

3,0 

r-ch 2 -n= 

3,0-3,4 



CH 3 -N-CO-R 

2,9 

r-ch 2 -n-co-r 

3,2 

>CH-N-CO-R 

4,0 


CH 3 -N* 

3,3 

r-ch 2 -n + 

3,3 



ch 3 -n= 

3,4 

r-ch 2 -no 2 

4,4 

>ch-no 2 

4,7 

0 


r-ch 2 -oh 

3,6 

>CH-OH 

3,9 


CH 3 -OR 

3,3 

r-ch 2 -or 

3,4 

>CH-OR 

3,7 


ch 3 -o-c=c 

3,8 

r-ch 2 -o-c=c 

3,7 



CH 3 -OAr 

3,8 

R-CH 2 -OAr 

4,3 

>CH-OAr 

4,5 


CH 3 -O-CO-R 

3,7 

r-ch 2 -o-co-r 

4,1 

>CH-0-CO-R 

4.8 



ro-ch 2 -or 

4,8 




ArO-CH 2 -CO- 

4,5-4,7 r) 


X 

CH 3 -Hal 

1,5-4,2 

r-ch 2 -f 

4,4 




r-ch 2 -ci 

3,6 

> CH-C1 

4,2 



R-CH 2 -Br 

3,5 

>CH-Br 

4,3 



r-ch 2 -i 

3,2 

>CH-I 

4,3 


CH 3 -S 1 

0,0 

R-CH 2 -Si 

0,5 

>CH-Si 

1,2 


CH 3 -S 

2,1 

r-ch 2 -s 

2,4 

>CH-S 

3.2 


CH 3 -S(0)R 

2,5 

s-ch 2 -co- 

4,0-4, 2 n 



CH 3 S(0 2 )R 

2,8 

R-CH 2 -S(0 2 )R 

2,9 




rs-ch 2 -sr 

4,2 



(*) Gia tri do chung t6i thu diroc tCr thirc nghifim. 


Proton dlnh vdi cacbon khong no cong hirong b trircmg yeu han so vcri proton 
dmh vdi cacbon no (cdhh 16n hon, bang 6.8). 
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Bang 6.8. D6 chuy^n djch hoa hoc cua proton dmh v6i C lien ket doi, hoac ba 


Proton 

8 

Proton 

5 

Proton 

5 

>C=CH- 

4,5 - 6,0 

-CH=C-N 

3,7-5,0 

H-CO-O- 

8,0- 8,2 

>C=CH-CO- 

5,8-6,7 

>C=CH-N 

5,7 - 8,0 

H-CO-N- 

8,0- 8,2 

-CH=C-CO- 

6,5 - 8,0 

-CH=N-N ( * ) 

7,5- 8,5 

-OC-H 

1,8-3,1 

-CH=C-0- 

4,0 - 5,0 

R-CH=0 

9,4- 10,0 

>C=C=CH- 

4,0 - 5,0 

>C=CH-0- 

6-8,1 

Ar-CH=0 

9,7- 10,5 

Ar-H 

6,0 - 9,0 


(*) d nhi£u day hidrazon ArCH=N-N- chung t6i do duoc 6 CH=N lit 8 10 ppm. 


Do cdhh cua cac proton d benzen la 7,27 ppm. Dd cdhh cua cac proton d cac 
din xua't cua benzen co thd tfnh duoc nh6 cong thuc 6.6: 

§Hi = 7,27 + ZZ, (6.6) 

Trong do Z; la so' gia ma m6i nhom the gay ra doi vdi cac vi tri ortho, meta va 
para so vdi no. Bang 6.9 cho biet Z; doi v6i cac nhom thuong gap. 


Bang 6.9. So gia Zj d6'i v6i cac nhom the dmh vdi nhan benzen 


R 

7 

^onho 

7 

^mcta 

7 

^para 

R 

7 

*-'ortho 

7 

z -'mela 

z 

^para 

-H 

0 

0 

0 

-nh 2 

-0,76 

-0,25 

-0,63 

-ch 3 

-0,16 

- 0,09 

-0,17 

-nhch 3 

-0,80 

-0,30 

-0,60 

-ch 2 -ch 3 

-0,15 

-0,06 

-0,18 

-N(CH 3 ) 2 

- 0,60 

-0,10 

-0,62 

- CH(CH 3 ) 2 

-0,14 

-0,09 

-0,18 

-NH 3 

0,40 

0,20 

0,20 

-C(CH 3 ) 3 

-0,09 

-0,05 

-0,23 

-N(CH 3 £ 

0,69 

0,36 

0,31 

-ch 2 ci 

0,00 

0,01 

0,00 

-nhcoch 3 

0,2 

-0,07 

-0,28 

-ch 2 oh 

-0,07 

-0,07 

-0,07 

-NO 

0,58 

0,31 

0,37 

-ch 2 nh 2 

0,01 

0,01 

0,01 

-no 2 

0,94 

0,18 

0,39 

-ch=ch 2 

0,06 

-0,03 

-0,10 

-SH 

-0,08 

-0.16 

-0,22 

-C 6 H 5 

0,30 

0,12 

0,10 

-sch 3 

-0,08 

-0,10 

-0,24 

-C=CH 

0,15 

-0,02 

-0,01 

-sc 6 h 5 

0,06 

-0,09 

-0,15 

-CH=0 

0,58 

0,20 

0,26 

-so 2 -oh 

0,64 

0,26 

0,36 

-coch 3 

0,62 

0,10 

0,25 

-so 2 nh 2 

0,66 

0,26 

0,36 

-coc 6 h 5 

0,47 

0,13 

0,22 

-OH 

-0,56 

-0,13 

-0,45 

-COOH 

0,85 

0,16 

0,25 

-och 3 

-0,46 

-0,10 

-0,41 

-cooch 3 

0,71 

0,08 

0,20 

-ococh 3 

-0,25 

0,03 

-0,13 

-cooc 6 h 5 

0.90 

0,17 

0,27 

-ococ 6 h 5 

-0,09 

0,09 

-0,08 

-conh 2 

0,65 

0,20 

0,22 

-F 

-0,26 

0,00 

-0,20 

-COC1 

0,82 

0,21 

0,35 

-Cl 

0,03 

-0,02 

-0.09 

-CN 

0,36 

0,18 

0,28 

-Br 

0,18 

-0,08 

-0,04 





-I 

0,39 

-0,21 

-0,03 
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6.4.2. Cudng do van ph6 cong hudng tir proton 

Nhu d muc 6.2 da tha'y, trong phan til co bao nhifeu hat nhan kh6ng tuong 
duong ve cdhh thi trfen pho co ba'y nhifeu tin hieu, tuc la co ba'y nhifeu van ph6. Cac 
van pho co the cao, thap, rong, hep khac nhau, turc la co cucmg do khac nhau. C£n noi 
ngay rang cudng do van pho trong 'H NMR ti le thuan vdi so luang proton gay ra 
van pho do, con cudng dp van pho trong n C NMR thi thudng dpc lap vdi s 6 lirpng 
l3 C gay ra tin hifeu. Do vay, a muc nay chu y6'u dl cap tdi cucmg d6 van ph6 trong 'H 
NMR. 

Cu6ng d6 cua van pho duoc xac dinh qua difen tfch cua van ph6 va goi la cubng 
do tich phan. Khi mot van ph6 phan tach thanh nhi6u hop phan (do tucmg tac 
spin-spin, muc 6.3) thi phai tmh tdng difen tich cac van hop phan do. Truoc day cac 
may pho co lap bo phan xac dinh cucmg do tich phan bang each ve lfen ph6 d6 cac 
duemg bac thang. Do cao cua m6i bac thang ti lfe vdi cu6ng d6 cua m6i van ph6 (hinh 
6.14). Bang each so sanh d6 cao cua cac bac thang ta co th^ tim tha'y ti lfe vfe s6 lupng 
giua cac nhom proton gay ra cac tin hieu c6ng hudng. d hinh 6.14, ti lfe d6 cao cua 
ba bac thang la 8: 1: 1, do do ta co ti lfe vfe s6 lupng proton la H a : H b : = 8: 1: 1. 

Ngay nay, nhd trang bi computer, trfen ph6 'H NMR con ghi ro cudng dp tucmg ddi 
cua m6i tin hieu d phia dudi tin hieu do (xem hinh 6.3, 6.31, 6.32). Su dung ti s6 
chieu cao cac dudng bac thang hoac su dung cudng do tuong doi deu cho phep ta xac 
dinh dupe so lucmg proton gay ra tin hieu cong hudng. Dieu nay rat co ich khi quy 
ket cac van cong hudng de xac dinh ca'u tao cua cac hop chat nghifen curu. 






























r 
















1 

0) 

X 

1 

8 - 









3 V a 

H »° H c 

^ 



\ 






• 






-4 

4 H “ 

j 

) 


1 








1 - 1 

_ 1 1 








10 987654321 0 ft.ppn- 

Hinh 6.14. Dudng bac thang chi cudng dp tuong doi trfen pho proton. 
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6.4.3. Sir t£ch van pho do tuomg tic spin-spin giflra c£c proton 
a. Hdng so tdch doi vdi mot so he proton 

Hang sd tach (hang sd ttss) gifla hai hat nhan lien ke't true tiep vdi nhau (each 
nhau mdt lien kdt) kf hieu la 'J va goi la hang s 6 tach true tiep ; each nhau hai lien 
kdt kf hieu la 2 J va goi la hang sd tach geminal ; each nhau ba lien ket kf hieu la 3 J va 
goi la hang sd tach vixinal. Dd ldn cua hang sd tach ddi vdi mdt sd he proton thudng 
gap dupe liet ke d bang 6.10. 

D£ kf hieu cho cac proton khdng tuong duong, ngudi ta cd th£ dung cac chu cai 
La Tinh, cac chu sd va da'u ph^y... Khi phan tfch \i ttss cua cac proton d£ cho thuan 
tien va thdng nha't, ngudi ta quy ude nhu sau: Cac proton khac nhau ft v£ cdhh duqc 
kf hieu bang cac chu cai A, B, C... Cac proton co cdhh khac nhieu so vdi cac proton 
A hoac B... thi dung cac chu cai X, Y, Z... Cac proton d khoang trung gian thi kf hieu 
bdi cac chff cai K, L, M... Cac proton co cung cdhh nhung khdng tucmg duemg v6 ttss 
dupe phan biet bdi da'u ph^y phfa tren chu cai thf du A, A’, B, B’... Sd lupng proton 
dupe chi bang chff sd' dat dudi kf hieu cua no, thf du A 2 , A 2 B ... 



(*) Chi tha'y dupe khi khdng xiy ra su trao d6i proton (muc 6.2.4) 


321 

















b. Tuong tac spin-spin giua hai proton 

He AB la he g6m hai proton A, B tuong tac vdi nhau va khdng tuong tic vdi bit 
ki proton nao khac, d6ng thdi vd do Ion thi J AB co the so sanh dupe vdi v A - v B (v A vi 
v B la tin so cac van cpng hudng cua proton A va B tuong ung). Trai lai, he AX la he 
ma J AX « v A - v x . 

6 muc 6.2.3 chung ta da thiy ring, nhom metylen khi dinh vdi m6t trung tim 
bit ddi, hoac khi la thanh phin cua nhung vong cumg hoic trong cac trudng hop c6 
can trd su quay tu do quanh lien ket don thi hai proton cua nhom do trd thanh khdng 
tuong duong. Ndd nhom metylen do la “c6 lip" vdi nghla la hai proton do khOng ttss 
voi mot proton nao khac nua, thi do la mot he AB. Tuong tac spin-spin giua hai 
proton trong he AB se din tdi viec tach m6i vin ph6 cua chung thanh hai hop phin 
ma ta ki hieu tin sd cua cac hop phin do la v,, v 2 , v 3 , va v 4 (hinh 6.15). Phin ph6 cua 
hai proton A va B (goi la phin AB cua ph6) co the co dang cua hai vin ddi rieng biet, 
cung co the cum lai nhu mot v&n bon. Su bien d6i dang cua phin pho AB la phu 
thuoc vao ti s6 (v A - v B )/J AB nhu duoc trinh bay d hinh 6.15. De cho gon, v A - v B con 
dupe ki hieu la Av. 

Tren phd ta co the de dang xac dinh dupe gia tri hing s6' tach J AB (hoic J AX ) 
nhu sau: 


J-b = v, - v 2 = v 3 - v 4 

Tim s 6 cua vSn phd cua 
proton \ (v A ) va cua proton B 
(v B ) khong phai la 6 trung diem 
cua cac cap vach v 4 - v 3 va v 2 - 

V -1,1 tA •> -■ AB 

v, ma nam o trong tim cua mot 
cap vach do, nghla la nim lech 
ve phia vach co cuong do ldn 
hon, nhu dupe chi ra bdi hai 
mui ten tren hinh 6.15. Clcac 
van phd cua cac proton tuong 
tac vdi nhau, cac hop phin phia 
trong thudng co cudng dp ldn 
hon (cao hon) cac hop phin 
phia ngoai. Hinh dang do dupe 
goi la dang mai nha (hieu i(ng 
mai nha). 

Ta hay li'y thi du phd ‘H 
hinh 6.16. 



Hinh 6.15. Dang cua doan phd AB. 


NMR cua columbianetin (VII) dupe trinh bay tren 
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6 hap chat VII, trong sir gin dung bac nhat, hai proton H; va H f chfnh la mot 
hd AB. Do sir chuy£n dich electron v6 phfa nhom cacbonyl (nhd hieu ung lien hap) 
ma noi chung proton dmh vdi Cp luon cdng huong a trircmg yeu han so vdri proton 
dmh vdi C a cung nhu so vdri cac proton dmh vdri cac noi doi khong phan cue khac 
(xem bang 6.6). Tur nhan xet do, van doi co tam a 7,65 ppm duac gan cho Hj. 
Khoang each giua hai dinh cua van doi do chinh la hang s6 tach Hj - H f tuc J lf = 9,5 
Hz. Van ddi a 6,22 ppm cung co hang so tach la 9,5 Hz chtrng to no la tin hieu cong 
huong cua proton H f . 



He AB thu hai a columbianetin la hai proton h va g. Chung cho hai van doi a 
6,79 va 7,29 ppm (khong nhat thid't tuang ling) vdi hang so tach J hg = 8 Hz. 6 day ti 
sd Av/J la nho han so vdri he HjH f , do do su chdnh lech ve cudng do la lorn han. Dieu 
do hoan toan phu hop vdri tinh toan doi vdi he AB (hinh 6.15). PMn ph6 con lai la dd 
quy ket: hai nhom metyl khong tuang duang a va b cho hai van dan a 1,25 va 1,37 
ppm. Proton co lap thuoc nhom OH cho van dan a 1,96 ppm. Hai proton nhom 
metylen (d) do ttss voi H c ndn tin hieu cua chung bi tach thanh hai hap phdn (van 
doi, tarn 3,35 ppm). Tin hieu cua proton H c do ttss vdri 2 proton nhom metylen (d) 
nen th£ hien bai van ba tam dr 4,82 ppm, ti le cucrng do cua ba hap ph£n trong van do 
phu hap vdi 1: 2: 1. Hang s6' tach J dc xac dinh duac tir van doi va van ba neu tren ddu 
la 9Hz.He hai proton H c va proton H d co th^ duac xem la he A 2 B hoac A 2 X. Tin hieu 
cua cac nhom proton ttss vdi nhau deu the hien hieu ung mai nha. 
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c. Tuamg tac spin-spin giua ba proton 


Trong khi vide tidn doan v& mat If thuydt dd'i vdi he AB la don gian thi ddi vdi 
ba proton ABX la phuc tap hofn. Vi th£, d day chi phac thao qua hinh dang thudng 
gap cua doan ph6 cua he ABX. Chung ta co th£ doan trudc ring khi he AB tuong tic 
vdi proton X, thi ca bdn hop phin cua AB se d£u bi tach thanh hai vach. Nghla la tin 
hieu cua cac proton A va B se gdm 8 vach. Vi cdhh cua X khac nhidu so vdi A va B, 
tin hieu cua no bi A tach thanh hai hop phin, mdi hop phin lai bi B tach ti£p thanh 
hai, do do ta co mdt van bdn ddi vdi X. Nhu the', he ABX se gdm 12 vach nhu chi ra 
d hinh 6.17. Tuy nhien, trong thuc te' co the gap nhung trucmg hcrp cac vach xen lin 
che phu nhau lam cho sd vach giam di. Mdt dieu cin chu y la khoang each giua cac 
vach 9 va 10 hoac 9 va 11 chi tuong umg vdi J AX va J BX khi v A - v B > J aB . Tuy vay, 
trong moi trudng hop ta d6u co khoang each giua hai vach 9 va 12 bang t6ng J AX va 

JbX ( v 9 — V 12 = ^AX + Jbx)% 

X 




9 10 11 12 


Hinh 6.17. Su tach van phd dd'i vdi he ABX. 


Thi du \6 he ABX co the la'y phan tir axit 2,3-dibrompropanoic 
(Br-CH 2 -CHBr-COOH). O phan tu nay, hai proton nhom metylen khong tuong 
duong duoc ki hieu la A va B con proton nhom metin co cdhh d trudng yeu hon 
nhieu thi duoc ki hieu la X. Tin hieu cua hai proton metylen th£ hien d van boi vdi 
tarn vach d khoang 3,5 - 4,0 ppm. Tin hieu cua proton nhom metin th£ hien bdi van 
bd'n (tarn d 5,5 ppm). Nhung he ABX cd lap nhu vay la tuong dd'i de phan tich. Trong 
thuc te' co nhung he ABX ma proton X con ttss vdi cac proton khac nua, khi do ta chi 
co the phan tich dupe ph£n tin hieu cua A va B, con tin hieu cua X co the phuc tap 
hoac khong du phan giai de co the quy ket chi tiet. Thi du nhu pho ‘H NMR cua hop 
chat l-xiclopentylbut-l-en-3-on (VIII) dhinh 6.18. 

6 hop chat VIII, hai proton H c va H d ung vdi ki hieu A va B, proton H„ ung vdi 
ki hieu X. Van edng hudng cua proton H d d 6,76 ppm bi tach thanh 4 hcrp phan vdi 
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J cd = 16 Hz va J M = 8 Hz. Proton H c cdng hudng d trudng manh hon, d 6,05 ppm. Tin 
hieu cua H t . cung la mdt vfin bdn (xem ph£n phd phfa trdn 6,5 ppm). 6 van nay cung 
xac dinh dupe J d = 16 Hz va = 1 Hz. Set dl gia tri nho vi do la tircmg tac truydn 
qua 4 lien kdt (trong do co 1 lien kdt ddi). Proton H b khdng nhtrng tircmg tac vdi H t , 
H d ma con tirong tac vdi hai nhom metylen trong vong xiclopentan. Tin hieu cua H b 
the hien d van bdi d khoang 2,6 ppm. Tin hieu cua cac proton khac trong vong 
xiclohexan the’ hien bdi mdt van “beo” 6 khoang 1,7 ppm. Tin hieu cua nhom metyl 
(a) th£ hien bdi mdt van don 6 2,23 ppm (hinh 6.18). 



Hinh 6.18. Ph6 'H NMR cua l-xiclopentylbut-l-en-3-on. 


He AKX la mdt he ba proton tirong tac tirong tu nhu he ABX. Nhimg d he AKX 
cdhh cua ca ba proton khac nhau du ldn, do do sir tach cac van ph6 la ro rang va ta 
co the de dang xac dinh dupe cac hang sd tach J AX , J AK va J KX . Stiren oxit co the dupe 
lay lam thi du cho he AKX (hinh 6.19). 
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Hinh 6.19. Su tach van ph6 d he AKX cua stirren oxit. 
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d. Tuang tac spin-spin giua nhieu proton 

6 muc 6.3.1 da tha'y, neu mdt proton tuang tac vdi n proton ddng nhat khac thi 
tin hieu cua no bi tach thanh n + 1 vach va cubng dd tuang ddi cua n + 1 vach do ti 16 
vdi cac he s 6 cua phep tri^n khai nhi thtic bac n (bang Pascal) nhu minh hoa dudi day: 


n = 0 

i 

: Van dan (s) 

CICHj - OC-H 

n = 1 

i i 

: Van ddi (d) 

1: 1 (d) 1: 2: 1 (t) 

n = 2 

1 2 1 

: Van ba (t) 

CH 3 - COO-CHj - CHj 

n = 3 

13 3 1 

: Van bon (quartet) 

(s) 1:3:3:1 (q) 1:2:1 (t) 

n = 4 

1 4 6 4 1 

: Van nam (quintet) 



... : VSn b6i (m) 


Khi mot proton tuang tac vdi n a , n b , n c ... proton khong tuang duang khac thi tin 
hieu cua no bi tach thanh (n a + l)(n b + l)(n c + 1)... vach. Thi du d he AKX k6 tren, 
van cong huang cua m6i proton deu la van bon (vi d day n a = n b = 1, sd vach la 
(1 + 1)(1 + 1) = 4). Bay gib ta hay xet pho ‘H NMR cua 1-nitropropan (hinh 6.20). 



8,0 7,0 6,0 5,0 4,0 3,0 2,0 1,0 0 ppm. 

Hinh 6.20. Phd proton cua 1-nitropropan trong clorofom. 


Van ba d 1,03 ppm la thuoc nhom metyl (a). Van ba khac d 4,38 ppm la thuoc 
nhom metylen dinh true tiep vdi N0 2 . Hai van nay deu la van ba vi chung d6u bi tach 
bdi 2 proton nhom metylen d giua (b). Con van boi d 2,07 ppm ro rang la thuoc v6 
nhom CH 2 d giua (b). 

Nhom metylen b tuang tac vdi 3 proton nhom metyl a va 2 proton nhom 
metylen c, nen ve mat li thuyet tin hieu cua no bi tach thanh 12 vach, bdi vi (3 + 1)(2 
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+ 1) = 12. Co the* cho rang tin hieu cua cac proton b bi 2 proton c tach thanh 2 vach, 
sau d6 m6i vach lai bi 3 proton a tach thanh 4 vach (hoac theo thu tu nguqc lai). Tuy 
nhidn tr6n thuc te, cac hang s6 tach J ab va lai g5n bang nhau (bang 6.10) do do cac 
vach tach ra co the che phu I6n nhau lam cho so vach quan sat dirqc giam di so vcri 
tinh toan. Bcri vi J ab « n6n b mire d6 g5n dung bac mot ta co th£ xem nhu cac 
proton b tuong tac vcri 5 proton tuong duong khac. Vi the tin hieu cua cac proton b bi 
tach thanh 6 vach vcri cubng d6 tuong doi lai :5: 10: 10:5: 1. Du doan do la gan 
vdi ph6 thirc b hinh 6.20. 

6.4.4. Pho ,3 C NMR cua hop chat huru co [108] 

a. Do chuyen dich hod hoc cua I3 C 

D6ng vi 12 C (I = 0) khong hoat dong trong c6ng huong tCr hat nhan co ham 
luong tu nhign la 98,9%. Dong vi l3 C (I = 1/2) hoat d6ng trong c6ng huong tir hat 
nhan nhung chi chiem 1,1%, vi vSy de do ph6 l3 C NMR c^n dung dich dac hem, tuc 
lucmg mliu nhieu hon so v6i de ghi ph6 'H NMR. D6 chuyen dich hoa hoc cua l3 C 
trong cac hop chat hiru co bien d6i trong khoang tir 0 - 230 ppm (so vori TMS) tire la 
16n gap khoang 20 l£n so vdi su bien doi d6 chuyen dich hoa hoc cua ‘H. Bang 6.11 
chi ra do chuyen dich hoa hoc cua l3 C b cac ca'u tao thong thuerng. 

Cac proton luon co mat canh nguyen tir cacbon, chung tach tin hi6u c6ng 
hu6ng cua 13 C thanh nhung van ph6 phiic tap dan xen vao nhau rat kho phan tich. Vi 
v|y khi ghi ph6 l3 C NMR ngucri ta da khir hoan toan tuemg tac spin-spin vbi proton, 
k£t qua la m6i nguyen tu cacbon khong tuong duong cho chi 1 van don neu nhu no 
khong tuong tac vbi hat nhan co tir tinh khac ngoai proton (hinh 6.21). 



Hinh 6.21. Ph6 13 C NMR khir hoan toan tuong tac spin-spin 
cua 2-clo-l,4-dimetoxibenzen. 
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Bang 6.11. Do chuyfen dich hoa hoc cua ,3 C (5, ppm) 
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b. Cudng do trong pho n CNMR 

Mot dac di£m quan trong v6 cudng do d pho 13 C NMR khu hoan toan tircmg tac 
spin-spin vdi proton la: nhung pic co cudng do nho thudng tuong ting v&i cac nguyen 
tti C khong dinh vdi hidro, con nhting pic co cudng do Idn thi ting vdi cac nguyen tti 
cacbon dinh vdi mdt hodc nhieu nguyen tti hidro. De minh hoa, ta hay xet pho 13 C 
NMR khu hoan toan tuong tac spin-spin cua 2-clo-l,4-dimetoxybenzen (hinh 6.21). 
Hai tin hidu d gdn 58 ppm la cua 2 Csp 3 (6 hai nhom CH 3 0). Sau pic con lai la cua 6 
Csp 2 trong vong benzen. Trong do 3 pic 6 trudng yeu (c, d, e) la tin hieu cua 3C dinh 
vdi cac nhom am didn, 3 pic con lai la cua 3C dinh vdi hidro. Ro rang la tin hieu cua 
C khdng dinh vdi hidro ludn co cudng do nho hon so vdi tin hieu cua C dinh vdi 
hidro. 

Pho DEPT 

Nhd nhung kl thuat dac biet, ngudi ta co the lam thay doi cudng do cua tin hieu 
cac hat nhan, tang do nhay cua chung. Chang han, co the lam noi bat tin hieu cua cac 
hat nhan tuong tac vdi nhau qua khdng gian khi chung d g£n nhau. Tu do suy ra duqc 
ca'u tao lap the cua phan t£r. Ngudi ta cung co the lam cho cudng do tin hieu cua cac 
l3 C trd thanh am, duong hoac bang khdng bang each lua chon cac chudi xung vdi cac 
tham so thfch hop. Didu do duoc ufng dung trong kl thuat DEPT (Distortrionless 
Enhancement by Polarization Transfer) de nhan bid't cac nhom CH, CH 2 , CH 3 . Co the 
noi rang yeu to' cudng do duoc cong hudng td hat nhan hien dai stir dung mot each rat 
huu hieu trong nhidu kl thuat khac nhau. 

O cac nhom CH 3 , CH 2 , CH va C bac bon, cudng do cua tin hieu 13 C tuan theo 
nhung ham cosin khac nhau do do xua't hien kha nang phan biet cac nhom do bang 
each lam cho cudng do cua chung trd nen khac nhau. KT thuat modun hoa J, doi khi 
con duoc goi la “phep xac dinh so' proton dinh vdi nguyen tu cacbon” (Attched 
Proton Test, viet tat la APT) la nham lam cho cudng do van pho co the “duong”, 
“am” hay bang khdng. 

Tien bo ldn nhat cua phuong phap APT la kl thuat DEPT. 6 kl thuat DEPT 
thong thudng, cac nhom CH, CH 2 va CH 3 duoc phan biet nhd ba lan do khac nhau 
(mdi nhom duoc ghi rieng re d mot ldn do). Nhung thong tin \6 cac nhom do cung co 
the nhan duoc nhd phuong phap kinh te hon: chi vdi hai lan do (nhom CH 2 khdng do 
tach rieng ma cung xua't hien vdi cac nhom CH va CH 3 nhung co cudng do am (xem 
hinh 6.22b)). Khi so sanh pho DEPT vdi pho 13 C NMR khtir toan bo ttss (hinh 6.22a) 
ngudi ta se tim ra duoc cacbon khdng dinh vdi hidro. 

Pho DEPT 90 d hinh 6.22c cho bid't C5, C3, C6, C9 la tin hieu cua nhung 
nhom CH. Pho DEPT 135 d hinh 6.22b cho biet CIO, C8 la tin hieu cua nhung nhom 
CH 2 . So sanh pho DEPT 135 vdi pho DEPT 90 tabiet duoc C7 va Cl 7 la tin hieu cua 
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2 nhom CH 3 . Loai tr£r nhung tin hidu cua cac nhom CH, CH,, CH, khoi ph6 a hinh 
6.22a ta bidt duqc Cl, C2, C4 la tin hidu cdng hucmg cua nhung nguydn tu cacbon 
khong dinh vdi nguydn tu hidro nao. 


DEPT90 

CH 



(c) 





" 1 i • 

150 140 130 1 

DEPT135 

CH 6 CH 3 

20 

■ 1 * 1 — - .—r^—~i- 
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1 ... 

50 40 30 
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~^—-I . —I -1... :-I r 
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cs 
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C6 



Cl 

Cl 

C4 

1 




C9 

I 










—i ■ ■ - t— -r-'-1—-1-r- 
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—-|-|-r” 

80 10 60 SO 40 30 



80 70 60 50 40 30 


Hinh 6.22. Phd l3 C DEPT cua phirc chat fra/is-[Pt Cl 2 (Metyleugenol)(MeNH 2 )] : 

a- Ph6 13 CNMR khu bo hoan toan ttss; 

b- Tin hidu cua CH va CH 3 ducmg, cua CH 2 am; 

c- Chi co tin hieu cua CH. 


Hien nay, viec do phd 13 C da dat tori d6 chinh xac ± 0,01 ppm, vi thd m6i 
nguyen tu C khong tuong ducmg trong phan tu ddu cho m6t tin hieu rieng, rat hidm 
khi bi xen la'p boi tin hieu cua nguyen tu C khac. Vide su dung ph6 DEPT va cac kT 
thuat khac se giup ta nhanh chong xac dinh duoc b6 khung cacbon cua phan tir. Di6u 
do rat quan trong trong viec xac dinh cdu true phan tu. 

6.5. PHAN TfCH PH6 ’H MNR cClA PHCfC CHAT 

Phan tfch ph6 NMR thuc chat la quy ket nguon g6c cac van c6ng hucmg dd thu 
cac thong tin nham xac dinh cdu true hoac xet doan tinh chat cua phan tu. Cung 
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gidng nhu dd'i vdi van phd h6ng ngoai hay van pho tu ngoai, van pho cong hudng tir 
hat nhan c6 3 dac trung quan trong c£n duac xem xet la: vi tri (duac bieu didn bdi do 
chuyd’n dich hoa hoc), cucmg dd (cho bid't so lucmg tuang dd'i cua cac nhom proton) 
va hinh dang van pho (sir tach van pho do ttss). Khac vdi cac van pho IR va UV, cac 
van pho 'H NMR thucmg phurc tap nen doi hoi mot su phan tfch ti mi hem, cong phu 
hon. Bu lai, phd 'H NMR cho ta nhidu thong tin chi tiet vi cau true cua phan tu ma 
pho IR va UV-Vis khdng co duac. Hien nay trong nude co nhieu cong trinh de cap 
ddn pho NMR cua phurc chat [121, 122, 125], tuy nhien do khdng co duac pho goc 
nen khdng the dua ra phan tfch ti mi duac. Sau day se giai thieu each khai thac thong 
tin vi ca'u true tu pho 'H NMR thong qua viec phan tfch pho proton cua mot so day 
phurc chat. 


6,5.1. Pho 'H NMR cua day phurc chat cis-[PtCl 2 (Morpholin)(Amin)] 
[30, 37, 89] 


a. Phan tich tin hieu 'H NMR cua morpholin phoi tri 


Cac cong trinh trong llnh vuc phurc chat ers-diamin khbng thuan cua platin(II) 
thuang tap trung vao viec tong hap, xac dinh ca'u tao va nghien curu hoat tfnh khang 
ung thu. Rat ft co nhung cong trinh nghien curu he thdng ve pho ‘HNMR cua chung. 
Vi the, chung toi da ghi pho 'H NMR cua tat ca cac phurc chat tong hap duac khong 
chi nham xac minh ca'u tao cua chung ma con de tim ra m6'i lien quan giua cac dac 
trung pho v6i ca'u tao va ca'u true khong gian cua chung. Sau day se phan tfch pho 
cua day phurc chat chura morpholin va day phurc chat chura piperidin. 

Hinh 6.23 va 6.24 dan ra ph6 cua 2 chat dai dien cho day phurc chat chura 
morpholin. 


D6'i vdi morpholin tu do (kh6ng phoi trf) a nhiet do thucmg, trong CDC1, tin 
hieu proton or nhom NH th6 hien bofi 1 van dan (singlet) d 1,9 ppm. Con 8 proton d 4 
nhom CH 2 chi the hien bdi 2 van ba (triplet), turc la chung th£ hien nhu mot he spin 
A 2 K 2 (muc 6.4.3). Van thur nha't d 2,90 ppm la tin hieu cua 4H d vi trf a (H a ) con van 
thur hai d 3,60 ppm thude 4H d vi trf P (Hp) (so vdi di tu nita trong phan tu). Sd dT co 
dieu do vi morpholin ton tai d 2 ca'u dang lien tuc chuydn doi cho nhau theo mot can 
bang nhu d hinh 6.25a. 


6 nhiet do thucmg, toe dd chuyen doi giua 2 ca'u dang la ldn nen phuang phap 
pho 'H NMR khong phan biet duac tin hieu H e hoac H a . Khi da phoi trf vdi platin (II) 
(hinh 6.25b) do tao them lien ket phoi trf N —» Pt va do nhom PtAmCl 2 co kfch thude 
ldn nen su nghich dao d N va su chuyen doi ca'u dang cua morpholin khong con xay 
ra duac nua. Khi do H“ va H c khong the chuyen doi cho nhau va tin hieu cua chung 
phai the hien khac nhau. Chfnh vi vay ma tren pho cua cac phurc chat Pt(II) ma chung 
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t6i nghien curu 4Ha va 4Hp a morpholin thuong th£ hifin 6 4 v&n ph6 khic nhau 
(tuong urng vdi 2H“ , 2H* , 2Hp , 2Hp). D(* lam vj du, trfin hinh 6.26 din ra vhng 

ph6 cua morpholin a phirc chit [Pt Cl 2 (Mor)(p-EtOC 6 H 4 NH 2 )] kf hi6u la M6. 


c >. w « i, f .t 

5 <x. «.wc -v «• , ^ — r r «'*■»> ** - »- 

4] 4* aT 1 «n * » 

ifwii 


— H A k 




w 


■ — r , i ■ 11 . T- - - . 

\ (J ri <!: U « « ‘M ).* J.’ I « M » • i j M i ** -•* • *• 1 ** 5 ,w> 


■ t 


4,1 4.4 4 


Hinh 6.23. Ph6 ‘H NMR cua phirc ci5-[PtCl,(Mor)(MeNH 2 )). 
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Hinh 6.24. Phd 'H NMR cua phiic oi-(l>lCl : (Mor)(p-ElOC,H,NH.)]. 
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Hinh 6.25. a- Su chuyen d6i cS'u dang o morpholin; 
b- Ca'u true phurc m-[PtCl 2 (Mor)(Am)]: 

Am: Cl (Ml), C 6 H,NH 2 (M2), o-CH 3 C 6 H 4 NH 2 (M3), p-CH,C 6 H 4 NH 2 (M4), 
p-CH 3 OC 6 H 4 NH 2 (M5), p-C 2 H 5 OC 6 H 4 NH 2 (M6), 1-naphtylamin (M7), pyridin (M8), 
quinolin (M9), 8-oxiquinolin (M10), C 6 H,CH 2 NH 2 (Mil), C 6 H S CH 2 CH 2 NH 2 (M12), 
CH,NH 2 (Ml3), (CH 3 ) 2 NH(M14), CH 3 CH 2 NH 2 (M15), (CH 3 CH 2 ) 2 NH (M16). 




M a 

r i i. 

[ j——-J | I I— W* -f I 

II \‘ > Y Y 

* # * ,1 L 1 

J*. 2 5—41 I I it | | j J»-2 


H- a 


M Jl l l 

.J * 


vy V 


n it n n — ,j - 55 

V. 


r. 


A A 

I v V. 


3 60 335 3.38 334 


3 12 308 3 04 2 80 275 


ffm/i 6.26. Phan rich cac van pho cua morpholin 
b phufc chat [Pt Cl 2 (Mor)(p-EtOC 6 H 4 NH 2 )]. 

De? qui ket dau la tin hieu cua H a , dau la tin hieu cua H° can phai dira vao hang 
s6' tach J. Theo bang 6.10 (muc 6.4.3), doi vdri xiclohexan b dang ghe 3 J aa «7 t 12 
Hz, 3 J ae * 3 J ee *2-5-5 Hz, con J gem ( 2 J HH ) gia tri dien hinh tu 7 15 Hz. Nhu vay 

cac proton H a va Hp b morpholin khong con la he spin bac 1 nua ma tro thanh cac he 
spin bac cao. 

6 hinh 6.26, tuomg tac vdi H„ theo hang s6' tach 2 J ac = 13 Hz, tuong tac 
voi H‘n H / 3 J aa(N) = 12,5 Hz, tuong tac vdi HJ/ 3 J aa = 12 Hz, va tuong tac vdi Hp/ J c 
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= 3,5 Hz. Ket qua la tin hidu cua H“ c6 dang nhu mPt van bdn (quartet vidt tat la q, 

ti le cufrng do la 1:3:3:1) nhung m6i hop ph£n do lai tdch thanh 2 dinh ung vdi * 
3,5 Hz. 

Proton H' tuong tac vdi H* vdi 2 J ea « 13 Hz, tucmg tac vdri H“ h , vdi Hp va 
vdi Hp deu vdi gia tri hang so tach nho 3 J ca * 3 J CC a 2,5 Hz nen cac hop phan cua 

chung dan xen vao nhau. VI vay tin hidu cua H'th£ hidn nhu mbt van ddi (doublet, 
viet tat la d) vdi hang so tach J « 2 J ca « 13 Hz. 

ProtonaHp tucmg tac vdi Hp / 2 J ca =12 Hz, tuong tac vdi H a . / J., = 12 Hz, 

tuong tac vdi H a , / 3 J M = 12 Hz va tuong t£c vdi H' / 3 J ae a 2,5 Hz vi the tin hi6u cua 
no co dang giong van ba (triplet, viet tat la t) nhung mdi h(^> phan lai bi tach thanh 2 
dinh vdi 3 J at « 2,5 Hz (ki hi6u t.d). 

Proton Hp tuong tac vdi H® / 2 J cil = 12 Hz, va tuong tac vdi H e , / 3 J 1C = 2,5 Hz vi 

th6' tin hifiu cua no co dang van ddi ( d ) nhung mdi hop ph£n cua no lai bi tach thanh 
2 dinh vdi 3 J ac = 2,5 Hz (ki hieu d.d). 

Nhu vay, cac van cong hucmg cua 2H a , 2H', 2Hp, 2Hp tr6n ph6 cua 

morpholin phoi tri the hidn d cac do chuyen dich hoa hoc khac nhau vdi hinh dang, 
dd bdi khac nhau va ung vdi gia tri J dac trung cho mdi van. Tren co so dac didm do 
chung toi da qui ket dupe cac van cong hudng cua morpholin d tat ca cac phurc chat 
nghien cuu nhu ghi trong bang 6.12 dudi day. Su phan giai ro rang cua cac van edng 
hudng cua 2 H a , 2 H® , 2 Hp , 2 Hp tren pho cua morpholin cho phep rut ra ket lu|n 

quan trong la ddi vdi cac phuc nghien cuu, d nhiet do thudng su quay quanh true 
phoi tri Pt-N la khong xay ra so vdi thang thdi gian cong hudng tit. 

Bang 6.12 cho tha’y do chuyen dich hoa hoc cua proton nhom NH cua 
morpholin phoi tri deu tang nhieu so vdi d morpholin tu do. Dd la vi mat do electron 
d nito giam manh khi tao lien ket phoi tri N -> Pt(II). Do chuyen dich hoa hoc cua 
cac H a , Hp cung khac so vdi do chuyen dich hoa hoc cua chung d morpholin khdng 
phoi tri. 

Su tach van pho H a bdi proton thuoc nhom NH vdi hang so tach tucmg ddi ldn 
la 12 Hz phu hop vdi J aa ung vdi (J H . H? viet gon la 3 J aa(N) ) nhu tha'y d hinh 6.26 da 

chung to rang lien ket giura Pt(II) va N phai la lien ket e nhu da chi ra d hinh 6.25b. 
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Bang 6.12. Cac van c6ng hircmg proton cua morpholin ph6'i trf, 5(ppm), J(Hz) 


Compd. 

(Solvent) 

n « ( 2H) 

( 2H) 

H e 

n f> ( 2H) 

H a 

"P ( 2H) 

NH 

(1H) 

t Ml 

3.15; br.d 

3.38; q.d, J ac J aa (p) 

3.79; br.d 

3.77;t 

5.0 

(D 2 0) 

2 Jae 13 

J Jaa(N) 12.5; 3 J ae 2.0 

2 J ae 12.5 

2 Jae 3 Jaa 12.5 


M2 

2.82; br.d 

3.27;q 

3.65; br.d 

3.40; m 

- 

(CD 3 OD) 

2 Jae 13 

Jac Jaa(P) Jaa(N) 13 

2 Jae 12.5 

2 Jae 3 Jaa 12.5 


M3 

2.60; br. 

3.07; q.d; J ac J aa (p) 

3.51; br.d 

3.03; t 

4.24 

(CD 3 CN) 

d 2 J ae 12 

Jaa(N) 1 2.5; J ae 2.5 

2 Jae 1 1 

2 J 3 J 12 

J ae J aa 1 


M4 

2.72; br.d 

3.24; m 

3.63; br.d 

3.15; m 

- 

(CD 3 OD) 

2 J ae 12.5 

un. 

2 J ae 12.2 

un. 


M5 

2.73; br.d 

3.22; m 

3.63; br.d 

3.45; m 

5.48 

(CD 3 CN) 

2 Jac 13 

un. 

2 J ae 11.2 

un. 


M6 

2.76; br.d 

3.08; q.d; 2 J ac 3 J a a(P) 

3.57; d.d 

3.35; t.d 

4.10 

(CD 3 CN) 

2 Jac 13 

3 J aa(N) 12.5; 3 J ae 2.5 

2 J ae 1 2 3 J ac 2.5 

2 J ae 3 J aa l 2 3 J ae 2.5 


M7 

2.80; br.d 

3.06; m 

3.67; m 

3.15; m 

- 

(CD 3 OD) 

2 Jae 12 

un. 

un. 

un. 


M8 

2.60; br.d 

3.23; m 

3.60; m 

3.56; m 

- 

(CD 3 OD) 

2 Jac 12 

un. 

ov. 

ov. 


M9 

3.09 (1H); 

2.98(1H); 2.84(1 H); 

3.47; br.d 

3.51; t.d 

4.25 

(CD 3 CN) 

3.12(1H) 
br.d; 2 J ae 12 

q.d, J ae J aa (p) J aa (N) 
12.5; 3 J ae 3.5 

2 J a e 1 2.5 

2 J ae 3 Jaal2.5 

3 Jae3.5 


M10 

3.06; br.d 

3.44; q.d; 2 J ae 3 Jaa(p) 

3.63;d.d 

3.78; t.d 

5.86 

(CD 3 CN) 

2 Jae 13 

3 Jaa(N) 12.5; 3 J ae 3 

2 J ae 12 3 J ae 3 

2 Jae 3 Jaal2 3 J ae 3 


Mil 

2.72; br.d 

3.21; q.d, J ac J aa (p) 

3.58; d.d 

3.78; t.d 

4.75 

(CD 3 CN) 

2 J ae 13,5 

3 J aa(N) 13.5; 3 J ae 4 ' 

2 J ae 12.5 3 J ae 4 

2 Jae 3 J aa 12.5 3 J ae 3 


M12 

3.08; br.d 

3.15; m 

3.72; br.d 

3.66; t 

- 

(CD 3 OD) 

2 Jae 13 

un. 

2 Jae 12 

2 J ae 3 Jaal2.5 


M13 

3.09; br.d 

3.30; q.d; 2 J ae 3 J a a(p) 

3.68; d.d 

3.62; t.d 

4.70 

(CD 3 CN) 

2 J ae 13.5 

3 Jaa(N) 13.5; 3 J ae 3.5 

2 J ae 12.5 3 J ae 3 

2 J ac 3 J aa 12.5 3 J ae 3 


M14 

3.07; br.d 

3.35; q.d, J ae J aa (p) 

3.67; d.d 

3.65; t.d 

4.75 

(CD 3 CN) 

2 Jae 13 

3 Jaa(N) 13; 3 J a e 3.5 

2 J ac 12.5 3 J ae 3.5 

2 J ae 3 J aa 12.5 3 J ae 3 


M15 

3.06; br.d 

3.39; q.d; 2 J ae 3 Jaa(P) 

3.67; d.d 

3.63; t.d 

4.85 

(CD 3 CN) 

2 Jac 13 

3 Jaa(N) 13; 3 J ae 3.5 

2 J ae 12.5 3 J ae 3.5 

2 J ae 3 J aa 12.5 3 J ae 3 


M16 

3.04; br.d 

3.15; q 

3.72; br.d 

3.63; m 

- 

(CD 3 OD) 

2 Jac 13 

Jac Jaa(p) Jaa(N) 13 

2 Jae 13 

un. 



(*) br: rfing, d: van doi, m: van b6i. ov:bi che phu, q.d: van b6'n.d6i, q.t: van b6n ba, s: van dan. 
un: kh6ng phan giai. 
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b. Phan tick tin hieu l H NMR cua cdc amin phoi tri 

De qui k£t cac van cdng hucmg thudc amin cd trong day phurc chit chura 
morpholin tir M2 -r M16, mdt mat chung tdi tham khao dd chuydn dich hoa hoc ddi 
vdi cac proton d ph6i tu tir do (khdng phd'i trf), mat khac - quan trong va quy£t dinh - 
la dua vao sir tach van ph6 do tucmg tac spin-spin cua cac proton d cac amin trong 
ciu phd'i tri. Thf du, vide quy kd't cac van phd cua phenetidin phdi tri d phurc chat 
c/j-[Pt(Mor)(/7-CH 3 CH 2 OC 6 H 4 NH 2 )Cl 2 ] (M6) duoc din ra 6 hinh 6.27. 



«>i 


i 


-1- - -T 

14 ppm 


Hinh 6.27. Cac van ph6 proton o phuc chat [Pt(Mor)(p-CH,CH 2 OC 6 H 4 NH 2 )Q 2 ] (M6). 

6 hinh 6.27, van d6i d 7,44 ppm la tin hidu cua H2 va H6, van ddi d 6,93 ppm 
la tin hidu cua H3 va H5. Hai van nay deu c6 hang s6 tach J = 7 Hz tuong umg vdi 
cac proton d vi tri ortho. Van b6n d 4,03 ppm va van ba d 1,35 ppm cung co J = 7 
Hz. Do la tin hieu cua nhom -OCH 2 CH 3 . Trdn co sd phan tfch kl luong cac ph6 do 
dupe, chung tdi da qui keft tin hieu edng hucmg cua cac proton trong cac amin phoi tri 
d cac phurc M2 -s- M16 nhu ghi trong bang 6.13. 

c. Tin hieu proton nhom NH va NH 2 a cdc ph&c chad chua morpholin 

Nhu d muc 6.2.4 da tha'y, proton thuoc nhom NH, NH 2 , OH, SH... dupe goi la 
cac proton linh dong hoac proton axit. Cac proton nay khong nhung ft nhieu bi phan 
li ma con co kha nang tao lien ket hidro. Vi thef trong dung dich chung ludn bi trao 
d6i vdi nhau va vdi hidro linh dong cua dung mdi hoac cua nude dm co trong dung 
moi. Chfnh vi vay, phuong phap ph6 ‘H NMR rat kho nhan dupe tin hidu rieng bi6t 
cua no. Hem the, proton nay lai dfnh true tiefp vao nito trong do co defn 99% nguyen 
tu thupc dong vi^ 4 N co spin hat nhan bang 1 se co thd gay tach tin hidu cua proton 
thanh 3 herp phdn. Mat khac, hat nhan 14 N la hat nhan tu cue nen no thucmg lam nhoe 
van ph6 cua cac hat nhan ma no tuemg tac. Ngoai ra, khi nhom NH hoac NH- trong 
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Bang 6.13. Tin hieu 'H NMR cua amin or phirc cw-[Pt Cl 2 (Mor)(Am)], 6(ppm), J(Hz) 


Hop 

chat 

Am 

H2 

H3 

H4 

H5 

H6 

H khac 

M2 

C) 

3 2 

4 0-nh 2 

s-t 

7.56; d 

(•* (**) ) 

J 23 7.8 

7.47; t 

J 32 , J 34 
7.2 

7.33; t 
J 45 7.2 

7.47; t 

J 56 , J 54 

7.2 

7.56; d 

J 65 7.8 


M3 

ch 3 


7.36; dd 

J34 7.5 

J 35 1-5 

7.27; td 

3 J 7.0 

4 J 1.5 

7.31; td 

3 J 7.0 

4 J 1.5 

7.42; dd 
J65 7.5 

J64 15 

CH 3 :2.66;s 
NH.5.94; br.s 

M4 

CH S-<^)-N H2 

7.25; d 

J 23 8.5 

7.13; d 
J 328.2 

“ 

7.13; d 

J 56 8.2 

7.25; d 

J65 8.5 

CH 3 :2.25;s 

NH 2 :5.60 

M5 

CH 30 ^H 2 

7.31; d 

J 23 8.8 

6.90; d 
J 32 8.8 

“ 

6.90; d 
J 568.8 

7.31; d 

J 6 j 8.8 

CH 3 0:3.73;s 
NH 2 :7.21; br.s 

M6 

C2H 5 O^H 2 

7.44; d 

J 2 3 8.8 

6.93; d 
J 32 8.8 


6.93; d 
J 568.8 

7.44; d 
J 65 8 8 

-CH 3 :1,35;t 
-CH 2 :4.03;q 
3 J7.0;NH 2 :6.1 

M7 

nh 2 . 

•op* 

8.06; d 

J 23 8.0 

7.54; dd 
3 J 7.2 

7.98; dd 
J 4 3 6.6 

J 42 15 

7.63; d 
J 568 .O 

7.70; td 

3 J 8.4 

4 J 1.5 

H7:7.83; td 
H8:8.92; dd 

3 J 8.6; 4 J1.5 

M8 

2 r ^2tN ) 6 

3 5 

9.23; d 

J 23 6.0 
3 Jp«h42 

7.4 l;t 

3 J 7.0 

7.80; t 

3 J 7.0 

7.41; t 

3 J 7.0 

9.23; d 
J«6.0 


M9 


9.42; dd 

J23 5.5, 

4 J1.5 

3 Jpih 42 

7.59;dd 

J 348.2 

J23 5.5 

8.54; d 

J43 9 0 

8.08; d 

J 5 6 6.5 

7.78; td 
J 6 7 7.4 
Jfisl-O 

H7:8.06; t 
H8:9.89; d 
J 87 :9.0 

M10 


8.78; d 

J 23 5.0 
3 Jp,h42 

7.60; q 
J 34 8 5 

J32 5-0 

8.61; d 

J 43 8.5 

7.02; d 
J 568 .O 

7,37; t 

3 J 8.0 

H7:6.83; d 

J 76 8.0 

Mil 

3 2 

<q^CH 2 NH 2 

7.55;dd 

J237.0 

7.42;dd 

^6.5 

7.3 8 ;tt 

J 42 I 5 

7.42;dd 

J 456.5 

7.55;dd 

J567.0 

CH 2 : 3.98; t 

3 J 6.5; 3 J PtH 43 
NH 2 4.50;br.s 

M12 

3 2 

4 ^^-CH2CH2NH 2 

7.32; d 

3 J 7.5 

7.36; m 

un. 

7.29; m 

un. 

7.36; m 
un. 

7.32; d 

3 J 7.5 

CH 2 :2.96; m 
CH 2 :3.03; m 
un. 

M13 

CH 3 nh 2 

CH 3 2.48 

; t; J J 6.5; J J PtH 46 ; NH 2 : 3.95; br.s 

M14 

(CH 3 ) 2 NH 

CH 3 : 2.64; d; J J 6; J J P|H 42; NH: 4.67; br.s 

M15 

ch 3 ch 2 nh 2 

CH 3 1.23; t; 3 J 7; CH 2 2.81; q; 3 J 7; ; NH 2 : 4.05; br.s 

M16 

(CH 3 CH 2 ) 2 NH 

CH 3 1.62; t; J J 7; CH 2 :2.84; q; 3 J 7; 


(*) Dung m6i ghi ph6 xem 6 bang 6.16. 

(**)d: van d6i, br: ring, d.d: van d6i.d6i, m: van b6i, ov:bi che phu, q: van b6n s: van don. t: van 
ba, t.d: van ba-d6i, un: Wring phan giii. 
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cac amin ph6i tri vdi Pt, thi chfnh d6ng vi l9, Pt co spin hat nhan bang 1/2 (chifim 
34,9% tdng sd nguyen tu Pt) lai tach van 3 vira neu thanh 6 hap phan xen Up nhau. 
Nhu vay, van cdng hudng cua proton nhom NH hoac NH 2 ndu xuat hien trdn phd 
'HNMR thi se phai la mot van tu. Va ro rang, didu kidn d6 van nay xuat hidn tr6n 
phd la chat nghien curu phai duac ghi phd trdn may co do phan giai cao, con dung 
mdi ducrc su dung phai khong tao lien kdt hidro va khan (khong co nude am). 

Do nhung If do do, tren phd cua cac phurc chat nghidn curu khong phai khi nao cung 
xuat hidn van cong hudng cua cac nhom NH hoac NH 2 . So li6u a bang 6.17 cho tha'y: 

- Van cdng hucrng cua H (NH hoac NH 2 ) a dang tu va do do cuang do tuang 
doi cua van nay thucmg kho duac ghi chmh xac (hinh 6.23; 6.27). 

- Do chuyen dich hoa hoc cua proton nhom NH hoac NH 2 tang nhidu so vdi 
proton cua nhom NH, NH 2 a amin tu do. 

d. Tuang tdc spin-spin 195 Pt - 'H 

Dong vi 19S Pt (ham lugng tu nhien 35%) do co spin hat nhan la 1/2 nen no hoat 
ddng tren ph6 cong huang tir hat nhan. No lam xuat hien 2 tin hieu ve tinh a van 
cdng hudng cua proton tuang tac vdi no (muc 6.3.1). 

6 cac phurc chat ma chung toi nghien cuu vd nguyen tac phai co tuang tac spin- 
spin gi'~ r a 195 Pt va proton a nhom amino phdi tri. Nhung vl tin hieu cua loai proton 
axit nay (nhu phan tfch a tren) co khi khong xuat hien, co khi lai xuat hien dudi dang 
van rat tu do do khong thg xac djnh duac gia tri Chi d6i vdi nhung proton von 
ft bi tuang tac spin-spin vdi cac hat nhan khac mdi co the thay ro tuang tac "'Pt - 'H. 
Chang han nhu d van cong hudng cua nhom CH, cua metylamin d 2,47 ppm tren 
hinh 6.23. 6 cac van cong hudng cua H2 d cac phuc M8, M9, M10 ; cua nhom CH 2 d 
Ml 1, M15 va cua nhom CH 3 d phurc M13, M14 da xac dinh duac khoang each giua 2 
tin hieu ve tinh, 3 J PlH vao khoang 41-48 Hz. Gia tri 3 J PtH do la dac trung cho ca'u hinh 
cis cua Pt(II), con ddi vdi cau hinh trans thi 3 Jp, H co gia tri khoang 30-34 Hz. 

Thuc te khong phai khi nao cung thay ro tuang tac spin-spin giua Pt vdi cac 
proton d each nhau 3 lien ket. Chang han nhu d nhi^u phuc chat da khong tha'y duac 
tuang tac spin-spin giua Pt vdi H a cua morpholin. Di6u nay duac giai thi'ch nhu 
sau: H a nhu da neu von bi tach 3 lan d6 tao ra 1 van co dang van bon. Chieu rong cua 
van pho nay cd khoang 40 Hz (3 x 3 J aa *3x 13 « 39 Hz va cong vdi J 1C , J^.), turc la 
khong nho han nhidu so vdi (khoang 41,5-42 Hz) nen hai tin hieu ve tinh da bi 
chinh tin hieu trung tarn che mat. 

e. Vi tri khong gian cua morpholin va amin tham trong cau phoi tri 

Pho cong hudng tir hat nhan khong chi cho nhung thong tin \i cau tao hoa hoc 
ma no con cung ca'p nhung thong tin vi tri khong gian cua cac hat nhan trong phan 
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tir. Su thay d6i dp chuyen dich hoa hoc cua cac proton khong chi cho biet sir thay d6i 
vP cau tao hoa hoc ma con lien quan tori v| tri khong gian cua no trong phan tu, bdi vi 
su chan xa cua cac dong dipn vong trong phan tir luon la su chan bat ding hudng 
(muc 6.2.2). 

Khi xem xet kl cac dir lipu d bang 6.12 chung toi nh|n thay: Do chuyen dich 
hoa hoc cua cac proton morpholin trong cac phurc chtra amin thorn (M2-M11, trir H e 

6 M9, H“ , Hp d M10) deu nho hon so vdi d cac phirc khong chua amin thorn (M13- 

M16). Trong mpt s 6 trudng hop , tham chi con nho hon so vdi d amin khong phoi tri 
(binh thudng, khi phoi tri thi tin hieu proton cua amin tang len). Ket lu|n quan trong 
rut ra tir su bat thudng do la: Trong clu phoi tri cua Pt(II), morpholin va amin thorn 
chiem vj tri cis, co nhirng proton cua morpholin "roi" vao viing chin cua dong dien 
vong cua amin thorn nen dp chuyen dich hoa hoc cua chung giam. 

Cac so lieu ve do chuyen djch hoa hoc, hang so tuong tac spin - spin cua cac 
proton thuoc amin thorn trong cac phdc chit M2, M4, M5, M6, M8, Mil, Ml3 (bang 
6.13) cho tha'y: trong clu phoi tri cua Pt(II) thi d6u co su tuong duong giua H2 va 
H6, H3 va H5 o cac amin thorn. Su giong nhau v6 do chuyen dich hoa hoc va hlng so 
tuong tac spin-spin giua timg cap proton do phan anh sir tuong duong ve cau tao hoa 
hoc va vi tri khong gian cua chung trong clu ph6i tri. 

Bang 6.12 cung cho tha'y: doi vdi tit ca cac phdc, trir phirc [PtCl 2 (Mor)(quinolin)] 
(M9), m6i cap 2H“ , 2H^ , 2Hp , 2Hp the hien boi mot van cong huong phan giai 

rlt ro rang. Dieu do chung to ring, 6 cac phirc nghidn cuai,2 vi tri a cua morpholin la 
tuong duong, 2 vi tri P cung tuong duong. 

Sir tuong duong va su phan giai ro rang cua cac cap proton thorn H2 va H6, H3 
va H5, cua cac cap proton morpholin 2H a ,, 2H e , , 2Hp , 2Hp nhu phan tich o tren 

cho tha'y mat phlng cua phan tu amin thorn cung nhu mat det cua phan tu morpholin 
(mat det hop boi hai mat song song cua morpholin) deu vuong goc vdi mat phlng 
phoi tri cua Pt(II) nhu thi du 6 hinh 6.28a. Do la clu true duy nhat dam bao dupe su 
tuong duong ve vi tri khong gian cua cac cap proton ke tren va cung la clu true giam 
dupe toi da luc day van der Waals gitta 2 phoi tir 16n 6 vi tri cis vdi nhau. 

Doi vdi phirc M9 (hinh 6.28b), do phoi tu quinolin co clu tao khong doi xung, 
nen du vong morpholin va vong quinolin cung vudng goc vdi mat phlng phoi tri 
nhung chung cung khong can dd'i vdi nhau: 2 vi tri a va (5 (cua morpholin) d phia 
tren thi gan nhan pyridin con 2 vi tri a va (3 d phia dudi thi gan nhan benzen cua 
quinolin. Ro rang la 2 vi tri a khdng con tuong duong, 2 vi tri P cung khong con 
tuong duong nhu d hinh 6.28a nua. That v|y, tren pho cua cis-[PtCl 2 (Mor)(quinolin)] 
(M9), 4 H a cho 4 van phd rieng biet: 2H“ cho 2 van bon-doi (q.d) d 2,84 va 2.98 
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ppm; 2H e , cho 2 van doi d 3,09 va 3,12 ppm. Them nua dd chuydn dich hoa hoc cua 
H e , lai ldn hon cua H a , trong khi d cac phurc khac thi nguqc lai. Hai di6u bait thudng 
do chinh la do quan he khdng gian cua vong morpholin va vong quinolin nhu da ndu 6 
hinh 6.28b. 



Hinh 6.28. a- Vong morpholin va vong thorn deu vudng goc vdi mat 
phang phoi tri va can xirng vdi nhau; b- vong morpholin va vong thorn 
deu vuong goc vdi mat phang phdi tri nhung khong can xumg vdi nhau; 
c- vong morpholin vudng goc, vong thorn thi n4m trung tren mat phang 
phoitri. 


Rieng doi vdi c/s-[PtCl(Mor)(8-OC 9 H 6 N)] (M10), khi thay the' 2 Cl dd phdi tri 
vdi Pt(II) thi phdi td 8-OC 9 H 6 N nha't thiet phai nam trong mat phang phdi tri. Su an 
ngu khong gian rat ldn cua phdi t£r 8-oxiquinolin se lam cho morpholin phai xoay 
vudng goc vdi mat phang phdi tri nhu d hinh 6.28c. 6 do 2 vi tri a la tuong duong va 
2 vi tri p cung la tuong duong. Vi the' tren pho cua M10, 4 H a chi cho 2 van cdng 
hudng, 4 Hp cung chi cho 2 van cdng hudng nhu d bang 6.13. 

6 phurc c/s-[PtCl 2 (Mor)( C 6 H 5 CH 2 CH 2 NH 2 )] (Ml2), nhan thorn d xa vong 
morpholin ndn anh hudng nho den tin hieu proton cua no. Doi vdi phurc M3, quan he 
khdng gian giua 2 vi tri a cua morpholin vdi dong dien vong cua o-toluidin 
(o-CH 3 C 6 H 4 NH 2 ) khac nhau khdng dang ke, nen chung van the hien tuong duong. 

6.5.2. Pho 'H NMR cua day phurc chat cis-[PtCl 2 (Piperidin)(Amin)] 

[88, 96, 110 ] 

Phuc chat cua Pt(II) chtia piperidin thu hut duqc su chu y cua nhieu nha hoa 
hoc, pho 13 C NMR, l95 Pt NMR cua chung da duqc de cap, tuy nhien pho ‘H NMR cua 
piperidin phdi tri d cac phuc do thi hau nhu chua duqc phan tich. Kdt qua nghien cuu 
mot each he thong pho ‘H NMR cua piperidin phdi tri ma chung toi thu duqc se duqc 
trinh bay dudi day. 

a. Phan tich tin hieu l H NMR cua piperidin phoi tri 

6 phan tu piperidin co 10 proton dinh vao 5 nguydn tu cacbon va 1 proton dinh 
vao nito. Mac du 10 proton dinh vdi 3 cacbon khdng tuong duong nhung tren phd 'H 
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NMR cua piperidin chi co hai van cdng hucmg. Van thu nhit 6 2,74 ppm la tin hieu 
cua 4 proton 6 vi tri a (Ha), van thu: hai 6 1,50 ppm la thuoc 4 proton 6 vi tri p (H p ) 
va 2 proton a vi tri y (H y ). So dl nhu v|y la vi 6 nhiet do thuong piperidin ton tai 6 
hai ca'u dang nim can bang nhau nhtr 6 hinh 6.29a. Toe do chuyen doi gifla hai ca'u 
dang la lorn nen phuong phap ‘H NMR khong phan biet duoc H a va H c (a: axial, e: 
equaterial). Mat khac, do chuyen dich hoa hoc cua H p va H T khong khac nhau nhieu, 
chung lai tuong tac spin-spin vdi nhau tach tin hieu cua nhau thanh nhieu hop phan 
xen lln nhau nen 4H p va 2H T chi tao ra mot van edng huong rong 6 1,50 ppm. 



(a) (b) 


Hinh 6.29. a- Sir chuyen d6i cau dang 6 piperidin; 

b- Ca'u true cua phirc c/5-[PtCl 2 (Piperidin)(Amin)]: Am: C 6 H,NH 2 
(PI), o-CH 3 C 6 H 4 NH 2 (P2), p-CH 3 C 6 H 4 NH 2 (P3), p-CH 3 OC 6 H 4 NH 2 
(P4), p-C 2 H 5 OC 6 H 4 NH 2 (P5), 1-naphtylamin (P6), pyridin (P7), 
quinolin (P8), C 6 H 5 CH 2 NH 2 (P9), C 6 H,CH 2 CH 2 NH 2 (P10), CH 3 NH 2 
(PI 1), CH 3 CH 2 NH 2 (P12), K([PtCl 3 (Piperidin)], P13). 

Khi tao phurc vdi Pt(II) (hinh 6.29b), do tao them lien ket N —> Pt va do nhom 
PtAmCl 2 co kich thiroc ldn nen sir nghich dao 6 N va sir chuyen doi ca'u dang cua 
piperidin khong xay ra duoc nua, khi do H* va H c kh6ng the chuyen doi cho nhau nen 
tin hieu cua chung phai the hien khac nhau. Vi vay 10 proton dinh voi cacbon se 

phan thanh 4 nhom khong tuong duong la 2 H® , 2 H® , 2 H p , 2 H p , 1 H a , 1 H'. De 

lam vi du, tren hinh 6.30 din ra viing pho cua piperidin (Pip) ph6'i tri 0 phuc chit 
[PtCl 2 (Pip)(a-C l0 H 7 NH 2 )] (P6). 

Gi6'ng nhu su phin tich cac van pho cua morpholin phoi tri (muc 6.5.1a), su 
phin tich cac van pho piperidin phoi tri cung dua vao hing so tach J giua cac proton 
trong xiclohexan dang ghe. Tren hinh 6.30 van bon-doi co tim o 2,63 ppm la tin hieu 
cua 2 H a a (gi6'ng voi van b6'n-doi cua 2 H a . cua morpholin 6 hinh 6.26). 

Van pho co tim 6 0,75 ppm vdi cuong do ung vdi 2H la tin hieu cua 2 H p : Hp 

tuong tac voriHp theo : J 1C =13,5 Hz, tuong tac voi H a va voi H a deu theo = 13 Hz, 

tie'p theo lai tuong tac vdi H* va vdi H e deu theo 3 J K = 3,5 Hz. Ke't qua la van pho co 
dang mot vin bon nhung mdi hop phin bi tach thanh 3 dinh (goi la van bon-ba. q.t). 
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Hinh 6.30. Phan rich cac van c6ng huong proton cua piperidin ph6i tri. 

Van pho co tam 6 1,1 ppm v6i cu6ng d6 ting v6i 1H la tin hieu cua H a : H a 
tuong tac v6i / 2 J ac =12,5 Hz, tuong tac v6i 2 proton//^ / 3 J aa = 13 Hz va tuong 
tac v6i 2 proton Hp/ 3 J ae = 3,5 Hz. Ket qua la van pho cung xuat hien nhu la m6t van 
bon nhung m6i hop phdn chia nho thanh 3 dinh giong v6i van bon-ba cua 2Hp 
(nhung cubng do thi -bang mot nua). 

M6i proton H e , ,Hp,H® deu tuong tac v6i lH a cung vi tri (H a gem ) theo 2 J ac = 

12,5 - 15 Hz va tuong tac v6i cac proton H a , H c 6 vi trf k£ ben ( H vicinal) ddu vdi 
hang so' tach be (2 -^3 Hz) nen cac tin hieu cua 3 proton do the hien nhu 3 van doi 
r6ng tuong ting 6 2,48; 1,25; 1,32 ppm (hinh 6.30) . 

Nhu vay pho ‘H NMR cua piperidin trong c£u ph6i trf cua Pt(II) la pho bac cao, 
phuc tap hon nhieu so v6i pho cua morpholin ph6i tri. Tuy nhidn viec phan'rich m6t 
each ti mi , he thdng da giiip chung t6i qui ket cac tin hieu cong huong cua piperidin 
phoi tri trong cac phtic chat nghien cuu nhu 6 bang 6.14. Ph6 cua cac phuc P2, P3, 
P4, P5, P9, PI 1, P12 ghi trdn may 200 MHz, co m6t s6 van ph6 khdng phan giai t6t, 
nen khong xac dinh duoc gia tri hang s6 tach. 
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Bang 6.14. Cac van cdng hircmg proton cua piperidin phoi tri, 6(ppm), J(Hz) 


Ki 

hiftu 

(*) 

K 

(2H) 

Hq 

(2H) 

Hp 

(2H) 

Hp 

(2H) 

Hy 

OH) 

H r 

(1H) 

NH 

PI 

3.05;br.d 

2.92;q.d; z J te 13 

1.50;br.d 

1.40;q.t 

1.59;br.d 

1.3 0;q.t 

4.15 

(c) 

C*) 

3 Jo(N), 3 J«(P) 12.5 

2 J.c 13 

2 J.e 1 3 

2 J.c 13 

2 J.c 13 

br.s 


2 J.c 13 

3 J.e(P) 3.5 


3 Ju(a). 3 J**(t) 12 


3 J«(P) 12 






3 J»e(a) . 3 J«e(T) 3.2 


3 J«<P) 3-2 


P2 

2.90;m. 

2.90;m. 

1.42;m. 

0.98;m. 

1.48;m. 

1,25;m. 

- 

(a) 

OV. 

OV. 

un. 

un. 

un. 

un. 


P3 

2.96;m. 

2.94;m. 

1.60;m. 

1.35;m. 

1.50;m. 

1.20;m. 

- 

(a) 

OV. 

OV. 

un. 

un. 

un. 

un. 


P4 

3.01 ;m. 

2.90;m. 

1.55;m. 

1.30;m. 

1.50;m. 

1,25;m. 

- 

(a) 

OV. 

OV. 

un. 

un. 

un. 

un. 


P5 

3.05;m. 

2.95;m. 

1.65;m. 

1.39;m. 

1.60;m. 

1.35;m. 

- 

(a) 

un. 

un. 

OV. 

un. 

ov. 

un. 



2.48;br.d 

2.63;q.d; 

1.25;br.d 

0.75;q.t 

1.32;br.d 

1.10;q.t 

2.85 

P6 

2 J.c 12.5 

2 J« 12.5 

2 J. e 13.5 

2 J«e 13.5 

2 J te 12.5 

2 J te 12.5 

br.s 

(b) 


3 Jm(N) . 3 Jss(p) 12.5 


3 J«(a) > 3 J*i(t) 13 


3 J«(P) 12 




3 J.c(P) 2.5 


J«e(a) » ^te(Y) 


3 J«(P, 3-5 


P7 

3.19;m 

3.19;m 

1,62;m 

1.50;m 

1.50;m 

1.38;m 

- 

(a) 

ov. 

ov. 

un. 

ov. 

ov. 

un. 



3.36;br.d 

2.62;q.d; 

1 46;m 

1,50;m 

1.35;br.d 

1 • 16;q.t 

4.30 

P8 

3.32;br.d 

2.44;q.d 

ov. 

ov. 

2 J« 13.5 

2 J« 13.5 

br.s 

(b) 

2 J« 14 

J ie 14; J»,(N), 




3 J..(P) 12.5 




3 J«»(P) 12; 3 J.e(p) 3 




3 J.c(P) 3.0 


P9 

3.06;m 

2.89;m 

1.64;m 

1.49;m 

1.49;m 

1.36;m 

- 

(a) 

un. 

un. 

un. 

ov. 

ov. 

un. 



3.25;br.d 

2.87;q.d 

1.64;br.d 

1.58;m 

1.55;m 

1.42;q.t 

3.95 

P10 

2 J.c 13 

2 J« 13 

2 J« 14 

ov. 

ov. 

2 J« 13 

br.s 

(b) 


3 Ji«(N) . 3 3«(p) 12 




3 J„(P)12.5 




3 J.c(P) 3 




3 J«e(P) 3.0 


Pll 

3.33;m 

3.11 ;m 

1.75;m 

1.65;m 

1.65;m 

1,50;m 

- 

(a) 

un. 

un. 

un. 

ov. 

ov. 

un. 


P12 

3.32;m 

3.15;m 

1.75;m 

1.65;m 

1.65;m 

1.48;m 

- 

(a) 

un. 

un. 

un 

ov. 

ov. 

un. 



3.17;br.t 

2.95;q.d 

1.78;m 

1.67;m 

1.57;m 

1.40;m 

- 

P13 

2 J.c12 

2 J« 12 

2 J.c12 

3 J.. 12 

2 J, e 12 

2 J«12 


(d) 

3 J.c5 

3 J»i(N) > 3 -l»»(P) 12 

3 J«5.5 

3 J«5.5 

3 J«5.3 

3 J.. 11.5 




3 J«5 




3 J.c5.6 



(*) Dung m6i : (a) CD 3 OD; (b) CD 3 CN; (c) CD 3 COCD 3 ; (d) D 2 0 

(♦♦) br: broadened, d: doublet, m: multiplet, ov: overlapped, q.d: quartet of doublets, q.t: quartet 
of triplets, s: singlet, un: unresolved. 
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Bang 6.14 cho tha'y: dd chuy^n dich hoa hoc cua proton nhom NH 6 piperidin 
phoi trf ddu tang nhieu so vdi piperidin tu do. Do la do mat dd electron a nito giam 
manh khi da tao lien ket phdi trf N -» Pt(II). Tin hieu cua cac proton H a . Hp, H r 6 
piperidin phdi tri th£ hien khac han vdi 6 piperidin khdng phdi trf. Di6u do la do su 
tao phurc da lam cd dinh 1 cdu dang ghe cua piperidin. 

Su phan tich van cong hudng cua H a cho tha'y gia tri hang sd tach giua H a , va 
proton nhom NH bang 12 - 12,5 Hz (bang 6.14), ung vdi 3 J aa d dang ghd. Didu do 
chting to lidn ket N-H thuoc lien ket a, lien ket N -> Pt la lien ket e nhu bieu didn d 
hinh 6.29b. Ca'u true do la hap li vi nhom PtAmCl 2 la mot nhom edng kdnh. 

b. Phan tich tin hieu l H NMR cua amin phoi tri trong cac phuc chat chua 
piperidin 

Tin hieu cong hudng proton cua a-naphtylamin d phurc chat P6, cua quinolin d 
phurc chat P8 (2 amin phdi tri cd ph6 proton phurc tap nha't) duac trinh bay d hinh 
6.31 va 6.32. Viec quy ket cac van edng hudng proton cua cac amin phoi tri dua vao 
do chuy^n dich hoa hoc, vao su tach van phd do tuang tac spin - spin va dua vao 
cudng dd tuang doi cua van phd, tuang tu nhu ddi vdi day phufc chat chura morpholin. 
Ket qua phan tich duac liet kd d bang 6.15. 
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Hinh 6.31. Tin hieu ‘H NMR cua a-naphtylamin 
d phurc [PtCl 2 (Pip)(a-C 10 H 7 NH 2 )]. 
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Hinh 6.32. Tin hieu 'H NMR cua quinolin b phiic [PtCl 2 (Pip)(C 9 H 7 N)]. 


Bang 6.15. Tin hieu 'H NMR cua amin b phurc c/5-[Pt Cl 2 (Pip)(Am)], 6(ppm), J(Hz) 


Ki 

hifiu 

Am 

H2 

H3 

H4 

H5 

H6 

H khdc 

PI 

(c) 

3 2 

4 <OH 

5 6 

7.64;d 

J 23 8.5 

7.45;t (*) 
■^23,^34 8:4 

7.36;t 

J 43 8 5 

7.45;t 

^56.^54 8 4 

7.64;d 

J 63 8.5 

“ 

P2 

(a) 

3 CH, 

@- NH > 

5 6 


7..28;d 

J 34 7.7 

7.30;dd 

J 4 s 81 

7.33;dd 

J 56 8.1 

7.37;d 

d 

164 1-8 

°-CH 3 : 

2.73;s 

P3 

(a) 

3_2 

5 6 

7.34;d 

J 23 8,1 

7. 22;d 

J 32 8,1 


7..22;d 

J 5 6 81 

7.34;d 

■165 8,1 

P-CH 3 : 

2.32;s 

P4 

(a) 

3 2 

5 6 

7.41;d 

J 23 8.4 

6.96;d 

J,2 8.4 


6.96;d 

J 56 8.4 

7.41;d 

J 6 5 8.4 

p-CH,0: 

3.80;s 

P5 

(a) 

5 6 

7.44;d 

J 23 8.8 

6.99; dd 

J 32 8.8 


6.99;d 

J 56 8.8 

7.44;d 

1 6 5 8.8 

CH 3 :l,42;t 

CH 2 :4.08;q 

P6 

(b) 

:TO’ 

4 5 

8.03; d 

J 23 8.0 

7.52; t 

J 34 7.0 

7.93;d 

J 43 8.0 

7.57;dd 

J 56 8.0 

7.68;t 

J 67 8.0 

H7:7.80;t 

H8:8.78;d 

P7 

(a) 


8.92;dd 

J 23 6 3 

7.55;dd 

J 34 7.6 

7.98;t 

J43 7.6 

7.55;dd 

J 54 7.6 

8.92;d 

d 

J 6 5 7 5 

^24 = ^46 =1-4 

jPiH 41 
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Bang 6.15. (tiep theo) 


Ki 

hidu 

Am 

H2 

H3 

H4 

H5 

H 6 

H khSc 

P 8 

(b) 

8 

9.42;dd 
J 23 5.0 
J 24 1.5 

7.57;dd 

J 34 8.2 

8.52;d 

J 43 8.5 

8.07;d 

he 8-5 

7.77;d 

d 

hi 8-0 

In 8 0 

H7:8.05;dd 

H8:9.90;d 

H2: , J P) „42 

P9 

(a) 

5 6 

7.63;d 

J 23 8.2 

7.45;m 

J 34 8.6 

7.33;m 

J 43 8.0 

7.45;m 

J 54 8.6 

7.63;d 1 

J 6S 8.2 

CH 2 :3.98 

J J rut 46Hz 

P10 

(b) 

)_? 

4 0 )“C h 2 C H 2 N H 2 

5 6 

7..28;d 

J 23 7.5 

7.34;m 

J 32 8.0 

J 34 7-5 

7.26;m 

J 43 7-5 

7.34;m 

h 4 7.5 

7.28;d 

hi 7-5 

°CH 2 :3.04;t 

p CH 2 :2.95;t 

NH 2 :3.95;s 

Pll 

(a) 

ch 3 nh 2 

CH 3 : 2.53; s, 

3 J PtH 




P12 

(a) 

ch 3 ch 2 nh 2 

CH 3 : 1.32; t 

CH 2 : 2.85; q 

JrtH^S 


Dung m6i: (a) CD 3 OD; (b) CD 3 CN; (c) CD 3 COCD 3 . 

(*) d: doublet, dd: doublet of doublets, m: multiplet, q: quartet, s: singlet, t: triplet. 


c. Tin hieu proton nhom NH va NH 2 dphuc chvca piperidin 

Tin hi6u proton nhom NH, NH 2 cua cac amin phP'i tri dpi khi khPng xua't hifen 
ro rang tren pho 'H NMR (bang 6.15). Nhin chung do chuyen dich hoa hoc cua cac 
proton nay deu tang nhieu so vdri do chuyen dich hoa hoc cua chung 6 amin ttr do. 
Di6u nay la do su phoi tri N —> Pt(II) lam cho nito tro thanh thidu hut electron 
tirong tu nhu trong -N + H 3 dong thcri khi do khong con cap electron tu do a nito nen 
ket qua la cac proton do cong huong 6 trudng yeu hon tire la co do chuyen dich hoa 
hoc tang so voi khi nito khdng phoi tri. Cac van cong huong cua proton a nhom NH 
va NH 2 deu co dang tu la vi cac proton nay tuong tac v6i hat nhan 14 N la hat nhan tu 
cue co spin = 1, lai co the tham gia lien ket hidro vdi dung moi va con bi cac proton 
dinh v6i C a tach tiep nua. 

d. Tuong tac spin - spin 195 Pt - l H 

m 

0 pho proton cua nhieu phuc chat da khbng quan sat duoc ro rang cac tin hieu 
ve tinh do tuong tac l95 Pt - ‘H. Nguyen nhan da dupe neu khi phan tich ph6 cua day 
phiic chat chira morpholin 6 muc 6.5.1a. Doi v6i cac phuc P7, P8, P9, PI 1, P12 da 
xac dinh dupe gia tri hang s 6 tach 3 Jp, H vao khoang 41-48 Hz (bang 6.15). 

Viec phan tich tuong tac spin - spin ,5 Pt-'H co y nghla quan trong. 
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Thut nha't. chinh sir c6 mat cua hai ve tinh da lam cho tin hieu cua proton bi 
tach bdi ,9 'Pt co hinh dang dac biet, do do d t dang phan biet vdi cac proton khac. 
Chang han tren hinh 6.32, van doi-ddi d 9,42 ppm co 2 tin hieu ve tinh. Tong cirbmg 
dp cua tin hipu chfnh va 2 tin hipu \t tinh mdi du 1 H. Hai tin hieu ve tinh each nhau 
42 Hz ung vdi gia tri 3 J PlH . Van pho do phai quy cho H2 (H2 each Pt dung 3 lien ket) 
chir khdng the quy cho H8 (H8 each Pt dung 4 lien ket). Van doi d 9,90 ppm mac dii 
co dp chuye’n djeh hoa hoc 1cm hon nhung la thuoc H8 chir khdng phai thuoc H2. 
Ngupc lai, b quinolin khong phoi tri, dp chuy^n dich hoa hoc cua H2 (8,8 ppm) Ion 
hon so vdi cua H8 (8,0 ppm). Vi du nay cho tha'y: khi phan tich pho cua phuc chat 
khdng nen tjnh tien pho cua phan tu chua phoi tri thanh pho cua phoi tu trong cau 
phoi tri. 

Thu hai, tCr viec phan tich tuong tac l9;! Pt doi vdi cac phuc chat nghien cuu, 
chung toi da xac dinh dupe gia tri 3 J PtH dung d^ xac dinh ca'u hinh cua chung. Theo 
tac gia [107] va theo ket qua nghien ciru cua chung t6i doi v6i day phirc c/\s-[Pt 
Cl 2 (Morpholin)(Amin)] va vdi cac cap dong phan cis-, rraA?^-[PtCl 2 (Pip)(C s H s N)]; 
cis-, tra^j , -[PtCl 2 (Pip)(C 9 H 7 N)] thi gia tri 3 J PtH dac trung doi v6i ca'u hinh cis la 42 ± 
2 Hz, doi vdi ca'u hinh trans la 31,5 ± 2 Hz. Gia tri 3 J PlH xac dinh dupe doi voi mot so 
phirc chat day [PtCl 2 (Pip)(Am)] nam vao khoang 41-48 Hz. So lieu do chung to cap 
phirc chat nghien ciru co ca'u hinh cis. 

Chung toi nhan tha'y rang, khi san ph^m c/5-diamin h6n tap cua Pt(II) co lan 
ddng phan trans thi tren ph6 ‘H NMR se co hai bp tin hieu veri cac gia tri 3 J PlH dac 
trung cho ttmg loai ca'u hinh. Ti le cuPng dp giua cac van pho cong huong tuemg ung 
b hai dPng phan se phan anh ti lp ham lupng giua hai dong phan co trong san pham. 
Khi phurc c/ 5 -diamin h6n tap khPng chda dong phan trans hoac ham lucmg dong phan 
trans khPng dang ke thi tren pho 'H NMR chi co mot bp tin hieu duy nha't. 

e. Vi tri khong gian cua piperidin va amin thorn trong cac phuc [PtfPipjAmjClJ 

6 phdn trSn, ta da xac dinh dupe rang piperidin phoi tri b dang ghe, lien ket 
N-Pt la li£n ket bien (equarorial), piperidin va amin b vi tri cis. Van de dat ra la vi tri 
cua chung so vdi mat phang phoi tri cua Pt(II) nhu the nao? 

Bang 6.14 cho tha'y: dp chuyein dich hoa hoc cua proton thuoc piperidin b cac 
phirc chira amin thorn (PI- P9, trir H£ cua P8) deu nho hon so v6i o cac phirc khong 
chura amin thorn (PI 1, P12, P13), co mpt vai truemg hop (cac proton cua P6, proton 
H a cua tat ca cac phurc) con nho hon ca o piperidin khong phoi tri. Nguyen nhan cua 

sir bat thuemg do chi co th^ la do cac amin thorn (o cac phurc PI- P9) vdi dong dien 
vong tao ra tCr he electron 7t thorn da gay tac dung chan doi vdi mpt so proton cua 
piperidin. DiPu nay mpt ian nua khang dinh ca'u hinh cis cua phurc chat (vi neu nhu 
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amin thorn d vj tri trans vdi piperidin thi kh6ng th£ gay hidu umg chan tori piperidin 
dirge). Viing chan cua nhan benzen nam d true vudng g6c vdi mat phang nhan (hinh 
6.8, muc 6.2.2). Tir do da goi cho ta mdt y nidm ve vi tri tuong h6 cua nhan thorn va 
vong piperidin ma dudi day se duoc sang to hem. 

Bang 6.14 cho thay d cac phurc nghien curu (trir P8) hai proton H* la tuong 
duong (chi tao ra mot tin hidu edng hudng). Tuong tu nhu vay 2H' , 2Hp, 2Hp cung 

la nhung cap tuong duong. Bang 6.15 con cho thay 6 cac phurc PI, P3, P4, P5, P7, P9 
va P10 thi hai proton 6 m6i cap (H2, H6) va (H3, H5) cua nhan thorn phoi tri cung 
cimg cho mdt tin hidu, churng to chung cung tuong duong nhau ve vi tri khong gian. 

Chi co m6t ca'u true dam bao su tuong duong v^ vi tri khdng gian cua 2 proton 
o tirng cap trong ca 5 cap proton noi tren la mat phang cua phan tir amin therm cung 
nhu mat det cua phan tu piperidin deu vu6ng goc vdi mat phang phdi tri cua Pt((II) 
nhu trinh bay d hinh 6.33. Di6u nay tuong tu nhu nhan xet da neu khi nghien cuu cac 
phurc chat chira morpholin d tren. 



Hinh 6.33. a- Vong piperidin va vong thorn deu vuong goc vdi mat phang 
phd'i tri va can dd'i vdi nhau; b- Vong piperidin va vong thorn ddu vudng 
goc vdi mat phang phdi tri nhung khdng can doi vdi nhau. 

6 pho cua c/s-[Pt Cl 2 (Pip)(C 9 H 7 N)] ( P8) co didu bat thudng la 4 H a cho 4 van 
cong hudng rieng biet: 2,44 ppm, q.d, (1H); 2,62 ppm, q.d, (1H); 3,32 ppm, d, (1H); 
3,36 ppm, d, (1H). Nguyen nhan la do vong quinolin khdng dd'i xung nhu vong 
benzen hoac vong pyridin nen du vong piperidin va vong quinolin cung vudng goc 
vdi mat phang phdi tri nhung chung cung khdng can doi vdi nhau: 2 vi tri a va P (cua 
piperidin) d phia tren thi gan nhan pyridin con 2 vi tri a va p (cua piperidin) d phia 
dudi thi gan nhan benzen cua quinolin (hinh 6.33b). R5 rang la 2 vi tri a khdng con 
tuong duong, 2 vi tri p cung khdng con tuong duong nhu d hinh 6.33a nura. 

s' 

Giong nhu d xiclohexan (muc 6.2.4), d piperidin phdi tri 8 Ha < 8 Hc (bang 6.14). 
The nhung d morpholin phoi tri, doi vdi proton H a thi 8 Ha > 8 Hc (bang 6.12). Chung 
toi cho rang su chan xa bat dang hudng cua cac cap electron d nguyen tu O 
morpholin da gay ra sir bat thudng do. 
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Nhung kit luan rut ra tit viec nghiin citu pho ‘H NMR cua cac phitc chat Pt(II) 
chita morpholin va piperidin: 

Nhd nghien curu mdt each he thong 2 day phufc chat c/s-diamin khong thu^n 
cua Pt(II), tren c a so phan tich d£y du tuong tac spin - spin d cac he spin Me cao, 
phan tich chi tie't nhung bien ddi cua tin hieu cong hudng (do chuyen dich hoa hoc, 
cac gia tri hang sd tach, hinh dang van ph6) cua cac proton cua morpholin, piperidin 
va cac amin khac trong cdu phdi tri, so sanh, ddi chieu cac van ph6 cua cac amin 
phdi tri vdi nhau va vdi cac amin khong phoi tri, chung toi da thu dupe mdt so ket 
qua chinh dudi day. 

Xay dimg dupe mo hinh khong gian cua cac phurc nghien curu nhu sau: 

- Morpholin va piperidin d dang ghe, lien ket N —> Pt 6 dang e, con lien ket N- 
H thi d dang a. 

- Hai phan tu amin trong cau phdi tri cua Pt(II) d vi tri cis vdi nhau. 

- 6 nhiet do thudng su quay cua cac phdi tu ldn nhu morpholin, piperidin, amin 
thorn quanh true phdi tri khong xay ra, hoac xay ra khong tha'y dupe theo thang thdi 
gian cong hudng tir hat nhan. 

- Mat phang cua phan tir amin thorn va mat det cua morpholin hoac piperidin 
deu vuong goc vdi mat phang phdi tri. 


Ca'u true khong gian chi tiet nhu vay (xem cac hinh 6.27, 6.33) cung co the co 
dupe nhd phuong phap nhidu xa tia X, tuy nhien se ton rat nhieu cong sure va thdi gian. 

Lan dau tien tim ra da'u hieu de xac dinh tin hieu cua H a va H c d mdi vi tri a, p 
doi vdi morpholin va a, p, y doi vdi piperidin phdi tri. Lan dau tien da xac dinh dupe 
bo gia tri hang so tach (J) ( 2 J ac hay J gcm * 13.- 15 Hz, 3 J aa(HC .cH) * 12 - 13 Hz, J ac(HC -cH) 
a 3 J C e(Hc-cH) * 1,5 - 3,5 Hz d cac phdi tu morpholin, piperidin. Da xac dinh dupe gia tri 
3 J PiH dac trung doi vdi ca'u hinh cis la 42 ± 2 Hz, cua cau hinh trans la 31,5 ± 2 Hz. 
Bo gia tri nay se la co so cho viec phan tich pho 'H NMR cua morpholin, piperidin 
hoac amin khac phdi tri khong chi vdi Pt(II) ma co the ca vdi cac kim loai khac nua. 


Cac gia tri do chuyen dich hoa hoc va hang so tach ghi d cac bang 6.12, 6.13, 
6.14, 6.15 se cung cap cho ta nhung du lieu quy ve tin hieu proton cua amin phdi tri 
du cac loai (dong vong, di vong, thorn, beo). 


6.5.3. Pho ‘H NMR cua phurc chat kim loai vdi olephin [109, 111, 112] 

Pho 'H NMR cua phufc olephin don gian nhat, K[Pt(C,H 4 )CI,], da dupe phan 
tich d muc 6.3.1. Ket qua phan tich pho cua hang loat phurc olephin khac cua Pt cho 
tha'y: cac proton olephin phdi tri deu cong hudng d trudng manh hem so vdi khi 
khong phoi tri; do chuyen dich hoa hoc chiu anh hudng manh cua phdi tu d vi tri 
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trans\ gia tri hang s6 tach 2 Jp, H deu g^n vcri trudng hap phurc ankyl platin (vao 
khoang 70 Hz). Di6u do chung to co su chuy&i trang thai lai hoa cua Csp 2 etilenic 
sang Csp*. Ket qua la su phoi tri da lam dai them lien ket cacbon-cacbon va lam I6ch 
cac nguyen tu hidro ra ngoai mat phang phan tu olephin. 

Mot chu d6 li thu trong cau true phurc olephin cua platin la su quay quanh true 
phoi tri Pt-olephin. Bang churng cua su quay do la su hoa nhap cac tin hieu cua cac 
proton khong tuong duong khi nhiet dd cao han mot gidi han nao do. Chang han, 
doi vdi loat phurc [Pt(RCH=CH 2 )(pyridin the)Cl 2 ], a nhiet dd thuefng da xay ra su 
quay quanh true phoi tri. Chi khi ha thap nhiet dd, tuc la lam "ddng"su quay thi 
ngudi ta mdi phan biet duqc tin hieu cua cac cau dang ben. Ph6 'H NMR cua day 
phurc K[Pt(RC 6 H 4 CH=CH 2 )Cl 3 ] da duqc nghien cuu trong edng trinh [58]. Ba proton 
etilenic hop thanh he spin ABC (muc 6.3.1) cac tin hieu cua chung phan giai ro rang 
churng to su quay quanh true phdi tri Pt-olephin khong xay ra a nhiet dd thudng . 

Pho 'H NMR cua day phurc platin chua cac aryl olephin thien nhien nhu 
anetole, safrole, metyleugenol da duqc chung toi nghien curu trong cac c6ng trinh 
[112, 113]. Vi du day phurc chat chua metyleugenol (Meug) co edng thuc nhu d hinh 
6.34, pho cua mot dai dien cho chung duqc dan ra 6 hinh 6.35. 


K 


Cl 3_2/OCH 3 

ri- CHr'O'flCH, 

trans n 


K 


'10 

H’ cts 


(Meugl) 




Cl 


7b 


8a.b 


3 2/OCH 3 


,P>\ CHrO^Hj 
/hV 5 ‘ 7 * 


10 

cis 


(Meug2-Meugl0) 


Am: NH 3 (Meug2), CH 3 NH 2 (Meug3), (C 2 H 5 ) 2 NH (Meug4), 
o-CH 3 C 6 H 4 NH 2 (Meug5), m-CH 3 C 6 H 4 NH 2 (Meug6), p-CH 3 C 6 H 4 NH 2 (Meug7), 
o-CH 3 OC 6 H 4 NH 2 (Meug8), m-CH 3 OC 6 H 4 NH 2 (Meug9), p-CH 3 OC 6 H 4 NH 2 (MeuglO). 


Hinh 6.34. Cong thurc cau tao day phurc chat Pt(II) chua metyleugenol. 

De thuan tien cho viec phan rich pho cua day phirc tren, chung toi da ghi ca ph6 
cua metyleugenol (Meug). Trudc het hay quy ket tin hieu cac proton cua 
metyleugenol a xa nhom tao phurc, tuc cac proton H3, H5, H6, H7a va H7b (bang 
6.16). 
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Hinh 6.35. Pho H NMR cua phuc chat fram-[PtCl 2 (Meug)(m-toluidin)]. 



Hinh 6.36. Vung ph6 6,6 - 7,3 ppm 
6 hinh 6.35. 


a. Proton H3, H5, H6 va H7 

Proton H3 do tirong tac voi H5 qua 4 
lien ket nen tin hieu cua no la 1 van doi 
vdd 4 J = 1-2 Hz. Proton H6 do tucrng tac 
voi H5 qua 3 lien ket nen tin hieu cua no 
la 1 van doi voi J = 8-9 Hz. Proton H5 
do tuong tac voi H6 qua 3 lien ket va voi 
H3 qua 4 lien ket nen tin hieu cua no la 
1 van doi- doi vori J = 8-9 Hz va 4 J = 1-2 
Hz (xem hinh 6.36). 

Cac proton H7a, H7b thuoc 2 nhom 
metoxy khong tuong tac voi proton nao 
nen tin hieu cua chung la cac van don 
voi do chuyen dich hoa hoc 3,7-3,9 ppm 
(bang 6.16). Tuy nhien viec quy van don 
nao cho H7a, van don nao cho H7b thi 
phai sir dung pho cong hucmg tu hat 
nhan 2 chieu (xem muc 6.7). Ket qua 
phan tich pho 2 chieu cho thay proton 
H7b cong huong o truong manh hem 
proton H7a tuc la 87b < 87a (trir phuc 
Meugl, hinh 6.53 va muc 6.8.1). 
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Bang 6.16. Tin hieu cdng hudng cua H3, H5, H6, H7a va H7b, 5(ppm). J(Hz) 


Hop chat, 
(Dung mOi) 

H3 

H5 

H6 

H7a 

H7b 

Meug, (a) 

7,36 d, 4 J 1,5 

6,93 dd, 3 J 8, 4 J 1,5 

6.91 d, 3 J 8 

3,89 s 

3,87 s 

Meugl, (b) 

7,36 d, 4 J 1,5 

6,93 dd, 3 J 8, 4 J 1,5 

6.91 d, 3 J 8 

3,87 s 

3,89 s 

Meug2, (a) 

6,87 s 

6,89 dd, 3 J8, 4 J 1,5 

6.84 d, 3 J 8 

3,89 s 

3,87 s 

Meug3, (a) 

6,87 d, 4 J 1,5 

6,89 dd, 3 J8, 4 J 1,5 

6.84 d, 3 J 8 

3,83 s 

3,78 s 

Meug4, (c) 

7,02 d, 4 J 2 

6,92 dd, 3 J 8, 4 J 2 

6.90 d, 3 J 8 

3.83 s 

3,78 s 

Meug5, (b) 

6,97 s 

6,92 dd, 3 J 8,5, 4 J 1,5 

6.88 d, 3 J 8.5 

3,78 s 

3.76 s 

Meug6, (d) 

6,99 d, 4 J 2 

6,95 dd, 3 J 8, 4 J 2 

6.77 d, 3 J 8 

3,78 s 

3,75 s 

Meug7, (c) 

6,97 s, 4 J 2 

6,94 dd, 3 J 8, 4 J 2 

6.78 d, 3 J 8 

3,79 s 

3,75 s 

Meug8, (d) 

7,00 d, 4 J 1,5 

6,96 dd, 3 J 8, 4 J 1,5 

6.86 d, 3 J 8 

3,80 s 

3,76 s 

Meug9, (c) 

7,03 d, 4 J 2 

6,92 dd, 3 J 8,5, 4 J 2 

6.81 d, 3 J 8.5 

3,79 s 

3,78 s 

MeuglO, (c) 

7,01 d, 4 J 2 

6,95 dd, 3 J 8, 4 J 2 

6.80 d, 3 J 8 

3,79 s 

3,75 s 


Dung m6i: (a) CDC1 3 , (b) CD 3 OD, (c) CD 3 CO CD 3 , (d) CD 3 CN. 


Bang 6.16 cho tha'y do chuy^n dich hoa hoc cua cac proton H3, H5, H6, H7a, 
H7b cua metyleugnol phdi tri thay doi khong nhidu so v6i dd chuy^n djch hoa hoc 
cua cac proton nay 6 dang tu do. Di6u do la dd hieu vi cac proton nay ddu a xa nhom 
tao lien ket vdi Pt. Tuy nhien trat tu do chuyen djch hoa hoc cua cac proton d nhan 
thorn cua metyleugenol phoi tri thi thay doi han so vdi ph6i tu tir do. CJ metyleugenol 
tu do thi 8H6 > 8H3 va 8H5 con 6 dang phoi tri thi 8H6 < 8H3 va 8H5. Nguyen nhan 
la do khi ph6i tri vdi Pt(II) anh hudng electron cua nhanh allyl (CH 2 =CH-CH 2 -) tdi 
vong benzen da thay doi so vdi d phoi tu tu do. 

b. Proton H8, H9, H10 » 

^Proton H8, H9, H10 la nhung proton d g^n trung tarn tao phtic. Tin hidu cdng 
hudng cua chung d phtic chat rran^-[PtCl 2 (Meug)(m-Toluidin)] ducrc trinh bay d hinh 
6.37. 

Hai proton H8 cua metyleugenol tu do la tucrng ducrng, chung the hien chi bdi 
mot van doi d 3,22ppm, 3 J 6,5, cudng dd ung vdi 2H. Tren ph6 ‘H NMR cua cac 
phuc chat Meugl - MeuglO hai proton nay the hien bdi 2 van rieng biet vdi gia tri dd 
cdhh chenh nhau kha ldn, trong do mdt proton co dd cdhh ldn hon va proton con lai 
co do cdhh nho hon so vdi H8 d metyleugenol khdng phoi tri. Vi thd chung tdi ky 
hieu hai proton nay la H8a va H8b. Sd dl hai proton H8 cua Meug trong cac phuc 
chat nghien cuu trd thanh khdng tuong ducrng nhau la vi su tao lidn kdt 3 tarn giua Pt 
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vdi C9 va CIO (muc 1.3.4) lam cho C9 trd thanh bat dd'i va 2 proton H8 trd thanh 
khong tircmg duong theo ki&i dia (muc 6.2.3). H8a va H8b (xem cong thtic d hinh 
6.34) tuong tac vdi nhau vdi 2 J = 15, H8a tuong tac vdi H9 vdi 3 J = 6 - 7 Hz, H8b 
tucmg tac vdi H9 vdi 3 J = 7 - 8 Hz, vi the m6i proton ddu cho 1 van doi-doi (kf hieu 
dd). 


H10 H10 



Hinh 6.37. Tin hieu cdng hudng cua H8, H9, H10 dan tir hinh 6.35. 


H9 cua metyleugenol khong phd'i trf (xem cong thtic d hinh 6.34) do tuong tac 
spin-spin vdi 2 H8, vdi H10 trans va H10 cis nen tin hieu cua no theo If thuyet la 
mot van b6i g6m 12 hop phan (12 dinh pho). H9 cua metyleugenol phdi trf (xem 
c6ng thurc a hinh 6.34) do tuong tac spin-spin v6i H8a, H8b, vdi H10 trans va H10 
cis nen tin hieu cua no theo If thuyet la m6t van boi g6m 16 hop phan. Tuy nhi£n do 
sir xen phu giua chung va do hieu ting "mai nha" lam cho cac van pho cua ngoai bien 
co cucmg d6 nho khong quan sat tha'y, nen van pho cua H9 con lai ft hop phan hon. 
Chang han van ph6 cua H9 o phtic Meug6 dupe trinh bay 6 hinh 6.37. 

Viec phan biet H10 cis va H10 trans dua vao gia tri hang so tach J. Chang han 
tren ph6 d hinh 6.37, van d6i o 4,43 ppm co J=7,5 Hz la ting vdi ca'u hinh cis, con 
van doi b 4,54 ppm co J =14 Hz la ting vdi ca'u hinh trans. 

Do tuong tac cua 195 Pt (muc 6.3.1), d cac van cong hudng cua H9, H10 deu co 
cac tin hieu ve tinh (da'u * d hinh 6.37). Khoang each giua cac tin hieu ve tinh chfnh 
la gia tri 2 Jp, H da ghi trong bang 6.17. Ket qua qui ket cac tin hieu cua nhung proton 
H8 - H10 dupe liet k6 d bang 6.17. 

c. Tin hieu proton cua amin & cac phitc chat nghien ctcu 

Amin la phd'i tu thudng gap trong cau phd'i trf cua cac kirn loai chuye’n tiep. 
Cac tin hieu edng hudng proton cua chung rat co fch trong viec nghien ctiu cau true 
phtic chat. 
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Khi phan rich cac tin hieu cua cac amin ph6i tri, mbt mat can chu y ring vi cic 
amin cho cap electron de tao lien ke't N->M nen nh6m amino ph6i tri trd thanh nh6m 
hut electron lam cho do cdhh (thucmg tang), trat tu va hinh dang van ph6 cua cic 
proton deu khac so v6i amin kh6ng ph6i tri. Mat khac can liru y la tin hieu cua cac 
proton cua amin co the xen lip vdi tin hieu cua cac ph6i tu khac co mat trong ciu 
phoi tri chang han nhu a hinh 6.38. 


Bang 6.17. Tin hieu cong hucmg cua H8a, H8b, H9, H10 cis 
va H10 trans, 5 (ppm), J (Hz) 


Hop chat, 
(Dung mOi) 

H8a 

H8b 

H9 

H10 cis 

H10 trans 

Meug, (a) 

3,22 d, 

3 J 6,5 

3,22 d, 

3 J 6,5 

5,86 m 

4,96 m 

Jcis 7,0 

4,98 m 

Jtrans 12,5 

Meugl, (b) 

2.90 dd 

2 J 15, 3 J 6.5 

3.49 dd 

2 J 15, 3 J 7.3 

5.21 m 

4.30 d 

3 J 7.5, Jpm 70 

4.46 d 

3 J 7.5, J P|H 70 

Meug2, (a) 

3.21 dd 

2 J 15, 3 J 8 

3.55 dd 

2 J 15, 3 J 6.3 

5.60 m 

4.62 dd, 2 J 1, 

3 J 8, JptH 65 

4.69 dd, 2 J 1, 

3 J 14, JpiH 65 

Meug3, (a) 

3.21 dd 

2 J 15, 3 J 7.5 

3.52 dd 

2 J 15, 3 J 6,5 

5.59 m 

✓ 

4.56 dd, 2 J 1, 

3 J 7.5, J PtH 70 

4.69 dd, -J 1, 

3 J 14, J PtH 70 

Meug4. (c) 

3.19 dd 

2 J 15, 3 J 7.5 

3.43 dd 

2 J 15, 3 J 7 

5.45 m 

4.40 dd, 2 J 1.5 

3 J 8, JptH 68 

4.53 dd, 2 J 1.5 

3 J 14, J PtH 64 

Meug5, (b) 

3.09 dd 

2 J 15, 3 J 6 

3.42 dd 

2 J 15, 3 J 7.5 

5.53 m 

4.44 d 

3 J 8, J PtH 68 

4.54 d 

3 J 14, JptH 68 

Meug6, (d) 

3.01 dd 

2 J 15, 3 J 6.5 

3.39 dd 

2 J 15, 3 J 8 

5.40 m 

4.43 d 

3 J 7.5, J PtH 68 

4.55 d 

3 J 14, JptH 68 

Meug7, (c) 

3.01 dd 

2 J 15, 3 J 6 

3.38 dd 

2 J 15, 3 J 8 

5.39 m 

4.42 d 

3 J 7.5, Jp,H 65 

4.53 d 

3 J 14, JptH 65 

Meug8, (d) 

3.03 dd 

2 J 15, 3 J 6 

3.40 dd 

2 J 15, 3 J 7.5 

5.44 m 

4.44 d 

3 J 7, JptH 65 

4.57 d 

3 J 15, J PtH 65 

Meug9, (c) 

3.08 dd 

2 J 15, 3 J 6.5 

3.45 dd 

2 J 15, 3 J 7.5 

5.42 m 

4.41 dd , 2 J 1.5, 

J 7.5, JptH 65 

4.54 dd, ’J 1.5, 
3 J 14, JptH 65 

MeuglO, (c) 

3.06 dd 

2 J 15, 3 J 6.5 

3.41 dd 

2 J 15, 3 J 7.5 

5.38 m 

4.37 dd , 2 J 1.5, 

J 7.5, JptH 65 

4.49 dd, 2 J 1.5, 
3 J 14, Jpih 65 


Dung m6i: (a) CDC1 3 , (b) CD 3 OD, (c) CD 3 CO CD,, (d) CD,CN. 


Vide quy ket tin hieu proton cua cac amin phoi tri dua vao su tach van ph6 dc 
ttss va gia tri hang so tach J. Thf du viec phan tfch tin hieu cac proton HI2, H14. 
H15 va H16 cua m-toluidin phoi tri ducrc chi ra a hinh 6.36, cac proton HI3. H14 
H15 va H16 cua o-anizidin phoi tri duoc chi ra a hinh 6.38. Ket qua phan rich dupe 
liet ke o bang 6.18. 
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Hinh 6.38. Phan rich cac van c6ng hirong cua cac proton thcnm 
ct phurc chat rran5-[PtCl 2 (Meug)(<?-anizidin)]. 


Bang 6.18. Tin hifeu c6ng hudng proton cac amin ph6i tri, 8(ppm), J(Hz) 


Phirc chit 

Amin 

H-12 

H-13 

H-14 

H-15 

H-16 

Hkhac 

Meug2 

(b) 

NH 3 

t 

“ 

“ 

“ 

" 

" 

3,55 s: NH 3 

Meug3 

(b) 

12 

ch 3 nh 2 

2.66 t, 

3 J 6.5 

“ 


“ 

“ 

3.85 s: NH 2 

Meug4 

(c) 

13 12 

ch 3 ch 2 nh 2 

3.17 m, 
2.88 m 

1.4001, 
1.395 t 

“ 

“ 

• 

5.28 s: NH 

Meug5 

(c) 

13_l« 

•o- 


7.13 dd 

3 J 6.5, 4 J 2 

7.08 td 

3 J 7, 4 J 2 

7.07 td 

3 J 7, 4 J 2 

7.24 dd 

3 J 7, 4 J 2 

2.28 s: H-17 

Meug6 

(d) 

IS IS 

/>* 
< ■ 

7.08 s 


7.03 d 

3 J 7.5 

7.191 

3 J 7.5 

7.06 d 

3 J 8 

6.40 s: NH 2 
2.31 s: H-17 

Meug7 

(c) 

13 12 

7.15 d 

3 J 8.5 

7.11 d 

3 J 8.5 


7.11 d 

3 J 8.5 

7.15 d 

3 J 8.5 

6.39 s: NH 2 
2.30 s: H-17 

Meug8 

(c) 

IS_1« 

•' qV och, 


6.99 dd 

3 J 8, 4 J 1.5 

7.15 td 

3 J 8, 4 J 1.5 

6.87 td 

3 J 8, 4 J 1.5 

7.29 dd 

3 J 8, 4 J 1.5 

6.16 s: NH 2 
3.83 s: H-17 

Meug9 

(c) 

13 16 

17 u 

CHjO 

7.071 

4 J 2 


6.88 dd 

3 J 8 5, 4 J 2 

7.26 t 

3 J 8.5 

7.02 d 

3 J 8.5 

7.35 s: NH 2 
3.80 s: H-17 

MeuglO 

(c) 

13 12 

7.34 d 

3 J 9 

6.87 d 

3 J 8 


6.87 d 

3 J 8 

7.34 d 

3 J 9 

7.25 s: NH 2 
3.81 s: H-17 


* Dung m6i, a: CD 3 OD, b: CDC1 3 , c: CD 3 COCD 3 , d: CD 3 CN 
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6.5.4. Pho 'H NMR cua phuc hidrua va phurc vdi phoi tu 71-giai toa 
[10, 93, 114] 

a. Proton hidrua 

Pho proton la phuong phap rat hieu nghiSm de nghien curu phuc hidrua kim 
loai, bdi vi nguyen tir hidro lien k6t true ti£p vdi kim loai rat d£ phat hien do no co 
do chuyen dich hoa hoc am (muc 6.2.2). Bang 6.19 din ra dd chuyen dich hoa hoc 
cua proton hidrua a mot so phuc hidrua kim loai. 


Bang 6.19. Do chuyen dich hoa hoc cua proton hidrua a mot so phuc chat 


Phuc chat 

5(‘H NMR) 

Phuc chat 

5(‘H NMR) 

[(CO),MnH] 

-7,5 

[Cp 2 MoH 2 ] 

- 8.8 

[(CO) s ReH] 

-5,7 

[Cp 2 MoH 3 ] + 

-6,1 

[(CO) 4 FeH 2 ] 

- 11,1 

[Cp 2 FeH] + 

-2,1 

[(CO) 4 RuH 2 ] 

-7,6 

[Cp 2 RuH] + 

-7,2 

[(CO) 4 OsH 2 ] 

-8,7 

[Cp(CO) 3 WH] 

-7,3 

[(CO) 4 CoH] 

- 10,7 

[Cp(CO) 3 MoH] 

- 5,5 

/rans-[(Et 3 P) 2 ClPtH] 

- 16,9 

[Cp(CO) 3 CrH] 

- 5,5 

[(COt,„Cr 2 (|i-H)] _ 

- 19,5 

[(CO),,Fe 3 (p-H)r 

- 15,0 


Do chuyen dich hoa hoc cua cac proton hidrua deu mang da'u am la di£u hien 
nhien vi a cac hidrua kim loai nguyen tu H mang dien rich am, con a chat chudn 
(TMS) no mang dien rich ducrng. Cac so' li6u a bang 6.19 chi cho biet vj tri ma khong 
cho biet do boi cua van pho. Vdi cac phuc chat ma nguyen tu trung tarn hoac nguyen 
tu cho cua phoi tu khac co tuong tac spin-spin vdi proton hidrua thi tin hieu cua 
proton hidrua do se la nhung van boi. Hinh 6.39 trinh bay tin hieu proton hidrua cua 
phuc frans-[HPtCl(PEt 3 ) 2 ]. 


_ S' 5^6 iw 

Cubng do i 4 


A. 


28.2 ppm 

I 


Et 3 P X CI 


Hinh 6.39. Tin hieu cong hudng cua proton hidrua 
a phurc rran.s-[HPtCl(PEt 3 ) 2 ]. 
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Tin hieu trung tarn cr -16,9 ppm la cua proton hidrua dfnh v6i cac dong vi co 
spin b4ng khbng cua platin (66,4%). Tin hieu cdng huong cua proton hidrua dinh voi 
d6ng vi co spin bang 1/2 ( I95 Pt, chie'm 33,6%, bang 6.1) thi bi tach thanh 2 tin hieu 
ve tinh a -5.6 va -28,2 ppm. Ca tin hieu trung tarn va 2 tin hieu ve tinh deu co dang 
van ba voi hang s<5 tach J nhu nhau. Nguyen nhan la do 2 nguyen tu P tuong ducmg 
voi spin bang 1/2 da tach m6i tin hieu do thanh 3 hop phan. Cac nguyen tu H cua cac 
nhom etyl do a xa proton hidrua nen khong gay tach tin hieu cua no. Neu phuc co 
ca'u hinh cis thi tin hieu trung tarn va 2 tin hieu ve tinh deu co dang van bon voi 2 
hang s6 tach J khac nhau. 

b. Proton cua phoi tu n-giai tod a phtic kim loai chuyen tiep 

Do chuyen dich hoa hoc cua proton a ph6'i tu 7T-giai toa va m6t vai phoi tu 
olephin trong mot s6' phuc chat duoc trinh bay tren hinh 6.40. 
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Hinh 6.40. Do chuyen dich hoa hoc cua proton cua 
mdt vai ph6i tu 7t-giai toa va ph6i tu olephin. 
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Khi phoi tir 7i-giai toa ph6i tri d6i xumg, chang han nhu b phurc chat banh kep, 
cac proton cua chung d6u tuong duong n6n chi cho 1 tin hidu cdng huong. Khi cac 
phoi tu do phoi tri khong dd'i xumg thi se xua't hifen nhi£u van cOng hucmg. Rat thu vi 
la nguoi ta da t6ng hop duoc phurc chat ma ph6i tu xiclopentadienyl (Cp) thur nhat 
ph6i tri theo kieu t^ 5 , ph6i tu xiclopentadienyl thur hai ph6i tri theo kiftu r\' (hinh 
6.41). 




Hinh 6.41. So d6 phan umg di^u che phuc chat [Fe(r| 5 -Cp) (r|‘-Cp)(CO) 2 ]. 


Su bien doi pho proton cua phurc nay theo nhiet do duoc trinh bay 6 hinh 6.42. 
6 moi nhiet do, 5 proton H 6 -H 10 chi cho mot van don 6 4,4 ppm giong nhu 6 phurc 
Fe(Cp) 2 (hinh 6.42). Nhu vay H fi -H ro thuoc phoi tu Cp thur nha't phoi tri theo ki^u 
banh kep loai r) 5 . 

6 nhiet do thucmg (30 °C), 5 proton H,-H, cho mot van don 6 5,7 ppm, nhung 
khi ha tha'p nhiet do thi van don do bien doi dan, tit -80 den -100 °C thi proton H, cho 
mot van tu 6 phia trudng manh, con 4 proton H 2 -H 5 cho 2 van boi o phia trudng yeu. 
Thuc nghiem tren chi co the giai thich duoc neu cong nhan rang 6 nhiet do thuong sir 
phoi tri cua Fe v6i nhom Cp thur hai khong co dinh 6 1 nguyen tu C nao, ma thay d6i 
lan lucrt tir C nay den C khac nhu bieu di6n boi cac can bang 6 hinh 6.43. Su thay d6i 
do di6n ra kha nhanh theo thang thdi gian cong huong, vi the 5 proton H,-H 5 tro 
thanh tuong duong. 
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Hinh 6.42. Ph6 proton cua phuc chat [Fe(r| 5 -Cp) (ri 5 -Cp)(CO) 2 ]. 



Hinh 6.43. Su thay d6i ph6'i trf d r|‘-Cp cua phtic chat [Fe(r| 5 -Cp) (ri l -Cp)(CO) 2 ]. 


6.6. PHAN TfCH PH6 13 C NMR GOA CAC PHCfC CHAT 

Trong thanh phtin cua rat nhieu loai phtic chat co mat cacbon. Ngay nay nho 
nhung tien bo vuot bac cua cbng nghe va tin hoc, viec ghi pho 3 C da tro nen d6 dang 
va nhanh chong. Hem nira rat nhieu ph6 cong hucmg tir hat nhan 2 chi6u (2D NMR) 
co lien quan den cong hucmg tir cua l3 C. Vi v$y pho 13 C NMR va pho 2D NMR tro 
nen vo cimg quan trong trong viec nghien ciru phuc chat. Trong ciiu phoi trf, du C 
lien ket true tid'p hoac gian tiep vdi nguyen tu trung tam, cac tin hieu cong hucmg cua 
chung cung cho nhieu thong tin co ich cho viec xac dinh cau true. Dudi day se phan 
tich ph6 n C NMR cua mot so loai phuc chat nham minh hoa cho viec khai thac 
thbng tin v£ cau true cua chung. 
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6.6.1. Tin hieu l3 C NMR cua cacbon d phoi tu cacbonyl [94] 

Dd cdhh cua cacbon cacbonyl ph6i tri bie'n d6i trong mdt khoang kha rdng 150 
- 280 ppm. Cacbon cacbonyl phoi tri d£u mut thudng co dd cdhh Idm han so vdi 
cacbon monoxit: 

Hap chat: CO Cr(CO) 6 Mo(CO) 6 W(CO) 6 Fc(CO),(C 4 H 4 ) Fe(CO),(C,H,) CrtCO),(C l( ,H ll ) 
6(C),ppm : 182,2 212 202 192 208,6; 212; 231.9; 


Trdn ph6 13 C cua m6i phurc d tren, cac phoi tu cacbonyl ddu cho 1 tin hieu, di6u 
do cho tha'y chung phoi tri tuong duong nhau. 4C6 phdi tu C 4 H 4 cung tuong duong, 
8C 6 phoi tu C g H g cung tuong duong. Cac du kien do cho phep suy ra cau true cua 
chung nhu dudi day: 


CO 

OC.,, I vv ..CO 

OC I ^co 
CO 


H 

I 

OC*' f F ^CO 
OC 


oc \ y=\ 
OC-Fe{h j 

OC 



Can chu y rang viec nhidu phoi tu cacbonyl trong mot phurc chat cho 1 tin hieu 
duy nhat khong phai luc nao cung noi len su tuong duong cua chung trong c£u phdi 
tri. Mot kho khan trong nghien curu pho cua phurc cacbonyl la d ch6 cac phoi tu 
cacbonyl thudng dd dang chuy^n doi cho nhau vdi toe do nhanh den mure lam mat 
tinh khong tuong duong cua chung trong c&u phdi tri. Thi du, d phurc [Fe 2 (CO) 4 (Cp) 2 ] 
da khong phan biet dupe nhom cacbonyl d£u mut va nhom cacbonyl cau noi, vi cac 
cau nd'i luon luon bi dut ra va tao lai nhu trong so do ddng phan hoa cua no dudi day: 



. "CO*, Cp 

"co 


Cp v Cp C.p x CO 

CO-Fe 9-Fe-CO CO;Fe^-Fe^CO 
CO CO CO Cp 


CO 


™ ccK Cp 


co 


6.6.2. Tin hieu 13 C NMR cua cacbon d phoi td vdi he electron 7t giai toa 

[10,11] 

6 nhung he lien ket co chura nhidu electron 7t lidn hop (nhu buta-l,3-dien, 
benzen,...) hoac electron 7i va p lien hop (nhu anion Cp, anion anlyl C ? H 4 ') cac 
electron ti va p khong dinh vi tap trung d lien ket doi hay mdt nguyen tu C rieng bidt 
nao ma di chuy^n trong toan bo he lien hop. Ngudi ta goi do la he electron n giai toa. 
Ban chat lien ket cua cac he electron 7t giai toa vdi kim loai da duoc d6 cap d muc 
1.3. Do chuy^n dich hoa hoc cua cacbon d mot s6 phdi tu vdi he electron n giai toa 
dupe chi ra d hinh 6.44, d do khi co nhung nguyen tu C khong tuong duong thi dd 
cdhh dupe chi ra dd'i vdi nguyen tu C co danh da'u. 
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Hinh 6.44. Dd chuyen djch hoa hoc cua cacbon d mdt so phirc chat co kim. 


Hinh 6.44 cho thdy 6( I3 C) cua phdi tu 7t-giai toa phu thuoc nhidu vao ban chat 
nguyen tu trung tam va ca phdi tu khac co mat trong c^u phdi tri. Gia tri 8( I3 C) cua 
benzen phdi tri d phirc Cr(C 6 H 6 ) 2 nho hon d benzen khdng phdi tri la do no duoc loi 
\i mat do electron trong su xen phu vdi obitan d giau electron cua Cr b muc oxi hoa 
tha'p. Gia tri 8( I3 C) cua Cp b hop chat co kim Li + Cp” la 102,8 ppm, d phirc chat 
[Mg(Cp) 2 ] la 108 ppm, d phurc chat [Fe(Cp) 2 ] giam xuong con 66 ppm. Dieu do cho 
thdy co su chuyen mat do eletron d tir Fe tdi Cp. Nhan xet nay giup ich khi phan tfch 
pho 13 C NMR, chang han nhu pho cua [Fe(CO) 3 (xiclohepta-l,3,5-trien)] d hinh 6.45. 

Tren phd l3 C NMR cua [Fe(CO) 3 (xiclohepta-l,3,5-trien)] d hinh 6.45 ta thay 6 
nguyen tu Csp 2 cho 6 tin hieu rieng biet: C5 va C6 co dd cdhh gan vdi C anken 
khdng phdi tri, Cl, C2, C3, C4 co dd cdhh nho hon so vdi C anken khong phdi tri. 
Didu do chumg to rang xiclohepta-l,3,5-trien phdi tri theo kidu r| 4 nhu trinh bay trong 
hinh, vi neu phdi tri theo kieu rj 6 thi 6 C dd chi cho 3 van cong hudng va do cdhh cua 
chung deu phai nho hon so vdi C anken khdng phdi tri (do su chuydn mat do eletron 
d tir Fe tdi phdi tir). 
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Hinh 6.45. Ph6 13 C NMR cua [Fe(CO) 3 (xiclohepta-l,3,5-trien)]. 


6.6.3. Tin hieu 13 C NMR cua cacbon d phoi tu ankyl va r| 2 -olephin [10, 113] 

Neu suy doan theo do am dien thi do chuydn dich hoa hoc cua nguyen tu C 
nhom ankyl lidn ket true tiep vdi nguydn tu kim loai se mang da'u am bdi vi do cdhh 
cua C lien ket vdi Si d chat chuan TMS la bang 0. Tuy nhidn cac electron hoa tri a 
nguyfen tit trung tarn hoac 6 phoi tu ben canh thudng gay ra cac tu truefng bat dang 
hudng lam cho do cdhh cua C gdn no thay d6i khong theo quy luat ve dd am di6n. 
Cac so lieu sau day minh hoa cho dieu do. 

Hop chat: CH 4 CHjCH, CH,CH 2 CH 3 CH 3 Li (CH,) 2 Al(p-CH 3 ) 2 Al(CH 3 ) 2 [Pt(CH 3 ),I] 

6(C), ppm : -2,3 6,5 16,0; 16,3 -15,5 -8,2; -5,6 13 

6 muc 1.3 da thay, su phoi tri cua olephin vdi kim loai theo kieu r) 2 la giong 
nhu kieu lidn ket 3 tarn, vi the ma C olephin phoi tri mang mot phan dac tmh cua 
Csp\ He qua la d6 cdhh cua no giam manh. Hai nguyen tu C a etilen trong muoi 
Xayze chi cho 1 tin hieu duy nha't a (hinh 6.10) chting tp no phoi tri vdi Pt mdt each 
can doi nhu mo ta a hinh 1.36. De minh hoa cho viec phan tich ph6 cua olephin phoi 
tri, dudi day trinh bay each thde phan tich ph6 13 C NMR cua day phuc chat chua 
metyleugenol (mdt arylolephin tach tur tinh ddu thuc vat). So chi vi tri cacbon duqc 
chi ra d cong thde ca'u tao dudi day. Hinh 6.46 dan ra ph6 cua phuc chat trans- 
[PtCl 2 (Meug)(o-anizidin)] ( ki hieu Meug8) lam thi du. 
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f/in/i 6.46. Ph6 cua phirc chat fra«5-[PtCl 2 (Meug)(o-anizidin)]. 

Hai C lien ket true tiep vefi Pt la C9 va CIO, do cdhh cua chung giam manh so 
vdi a metyleugenol khong phoi tri, vi the co the dt dang nhan ra chung. Chang han, 
tren hinh 6.46, C9 cong huong a 99,64 ppm, CIO cong huong o 68,45 ppm. O phuc 
Meugl, do cdhh cua C9 la 92,1 lppm, cua CIO la 65,20 ppm, con 6 cac phuc Meug2 
- MeuglO thi do cdhh cua C9 la 98-101ppm, cua CIO la 68-70 ppm (bang 6.20). So 
dl co su each biet ro rang giua Meugl voi cac phuc chat khac la do Meugl la phuc 
anion, con Meug2 - MeuglO la cac phuc trung hoa. 

Nhu da tha'y 6 muc 6.3.1, hinh 6.10, nguyen tu C lien ket true tiep v6i Pt the: 
hien boi 1 tin hieu trung tarn va 2 tin hieu ve tinh. Vi ham luong tu nhien cua 1 5 Pt 
(spin 1/2) la 34%, cua J C la 1,1% va v6i thcri gian do pho la toi thieu nen tren pho o 
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hinh 6.46 da khbng nhan ra dupe cac tin hieu ve tinh (dq cudng dd nho nen bi lan vdi 
nhiiu). Viec phan rich tiep pho 13 C NMR cua day phuc chat chiira metyleugenol se 
trinh bay b muc 6.7 va 6.8. 

6.7. ph 6 cOng hi/Ong tC/hat nhAn hai chi£u vA cAu TRCJC cOa PHlTC chAt 

Pho 'H NMR va l3 C NMR ma chung ta da xem xet chi co 1 chi6u tan so (con 1 
chieu la cirong do) nen diroc goi la pho 1 chi6u. Pho cong hirdng tu hat nhan 2 chi6u 
co 2 chiSu tan so (chi6u thii ba la cirong do) nen duqc goi la ph6 cpng huong tir hat 
nhan 2 chi6u (two Dimention Nuclear Magnetic Rezonance, 2D NMR). Nhu vay ph6 
2 chi6u thuc chat la pho 3 chieu (hinh 6.47a). De don gian cho vi6c bieu didn va 
phan tich ph6 ngubi ta thuong dung pho 2D NMR o dang dubng vi£n d6ng mufc (gan 
nhu trong ban do dja hinh) thu dupe khi cat pho 3 chi6u bang nhung mat phang song 
song vdi mat phang chiia 2 chieu tan so. Chlng han, khi cat pho d hinh 6.47a thi thu 
dupe mat cat d dang cac dubng vi6n dong muc nhu d hinh 6.47b, cat tin hieu 1 thu 
dupe dubng vien 2, cat tin. hieu 3 thu dupe dubng vien 4 (hinh 6.47 c). Chi tiet ve pho 
2D NMR co the tham khao d cac tai lieu [93, 108], trong khuon kh6 cua muc nay chi 
dua ra mot so thi du van dung mot so loai pho 2D NMR trong nghien ciru phuc chat 
ma chung toi da thuc hien va cong bo trong thdi gian vira qua. 



1 2 3 4 


Hinh 6.47. Cach bidu diin tin hieu cong hudng d ph6 2D NMR. 
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6.7.1. Pho HMQC 

Ph6 HMQC (Heteronuclear Multiple Quantum Coherance) thuoc loai pho tucmg 
quan proton-cacbon (HC COSY) ma a do ngucri ta ghi lai tuong tac giua HvaC lien 
k£t true tidp voi nhau (qua 1 lien ket) va loai bo tuong tac giua HvaC qua nhieu lien 
kd't. 

Hinh 6.48 dan ra pho HMQC cua phirc rran.s-[PtCl 2 (C 2 H 4 )(Et 2 NH)] [111]. Tren 
1 chidu t^n sd co ghi cac tin hieu 'H NMR, tren chieu t^n so thu" hai (vuong goc vPi 
chi6u thu" nha't) ghi cac tin hieu l3 C NMR, a giua pho co cac tin hieu nam 6 ch6 giao 
cat giua tin hieu proton va tin hieu cacbon, chung dupe goi la pic giao hoac van giao 
(cross peak). TCr pic giao ha ducmg vuong goc l^n lupt tPi 2 true t^n s6 se chi ra tin 
hieu cua HvaC lien k6't true tiep vPi nhau. 
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Hinh 6.48. Ph6 HMQC cua phirc tra/i5-[PtCl 2 (C 2 H 4 )(Et 2 NH)]. 


Tren hinh 6.48, pic giao a cho biet tin hieu proton o 0,0 ppm tren true nam 
ngang va tin hieu cacbon o 0,0 ppm tren true thang dung la thuoc nhom metyl cua 
chat chudn TMS. Tuong tu, pic giao b cho biet tin hieu proton o 1,57 ppm tren true 
nam ngang va tin hieu cacbon a 14,7 ppm tren true thang dting la thuoc nhom metyl 
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cua dietylamin, pic giao g cho biPt tin hieu proton a 4,67 ppm trftn true nim ngang va 
tin hieu cacbon 6 74,5 ppm tren true thing dumg la thude etilen. DP phin tich tiPp. ta 
hay xem xet kl pho 'H NMR cua phire tran5-[PtCl 2 (C 2 H 4 )(Et 2 NH)] trinh bay a hinh 
6.49. 



Hinh 6.49. Pho 'H NMR cua phire /ra/is-[PtCl 2 (C 2 H 4 )(Et 2 NH)]. 


Tren pho proton 6 hinh 6.49 ta thay: 4H cua etilen cho 2 tin hieu ve tinh ciing 
tin hieu trung tarn 6 4,67 ppm veri 2 Jp, H = 60 Hz. Proton nhom NH the hien boi van tu 
a 4,45ppm. Co diPu bat thucmg la: trong khi 6H cua 2 nhom CH, cho 1 van ba duy 
nhat 6 1,57 ppm thi 4H cua 2 nhom CH 2 o dietylamin lai cho 2 van boi vdi cudng dp 
nhu nhau a 3,35 va 2,94 ppm. Cau hoi dat ra la "2 nhom CH 2 a dietylamin phoi tri la 
khong tuong duong hay 2 proton trong m6i nhom CH 2 la kh6ng tuong duong? . 

De tra ldi cau hoi tren, chung ta hay tro lai pho HMQC a hinh 6.48. Ph6 C 6 
true thing dung cho tha'y 2 C cua 2 nhom CH 2 chi cho 1 tin hieu duy nha't (6 48,979 
ppm), turc la 2C do tuong duong. Hai pic giao c va d cho thay 2 proton khong tuong 
duong HI va HT ciing dmh vao 1 nguyen tu cacbon Cl. Nhu vay, 2 nhom CH 2 la 
tuong duong nhung 2 proton trong mPi nhom do la kh6ng tuong duong. Nguyen 
nhan nao lam cho 2 proton trong mPi nhom CH 2 tro thanh khong tuong duong? 
Chung toi cho ring lien ket hidro yeu giCra H cua nhom NH voi Cl trong clu phPi tri 
da lam can tro sir quay tu do cua phoi tu Et 2 NH quanh lien ket N-Pt lam cho phire 
chat co cau true nhu o hinh 6.50, trong do mot nguyen tu H cua nhom CH- o gan Q, 
con nguyen tir H kia thi 6 xa Cl nen chung tro thanh khPng tuong duong. 
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Hinh 6.50. Cau true cua phuc chat 
trans- [ PtCl^QH.,)(Et 2 N H) ]. 

Cdng thirc chieu Niumen: nhln doc theo 
lien ket N-Pt, 2 proton HI huong ve phia 
sau d gin Cl, 2 proton HI huong v6 trude 
d xa Cl, 2 nhom CH,CH 2 cua Et 2 NH 
tuong duong. 


Doi vdi Et 2 NH phoi tri d phde r/a/is-[PtCl 2 (Metyleugenol)(Et 2 NH)] va d phufc 
r/a« 5 -[PtCl 2 (Safrole)(Et 2 NH)] chung toi lai tha'y 2 nhom etyl trong m6i phde do la 
khong tuong duong. That v$y, tren pho l3 C NMR cua chung, 2 nhom CH 2 (ki hieu la 
HI2) the hien bdi 2 tin hieu rieng biet, 2 nhom CH, (ki hieu la H13)cung the hien 
bdi 2 tin hieu rieng biet nhu d hinh 6.51. Tren pho 'H NMR cua chung (co the xem d 
cac hinh 6.52, 6.58 va 6.61) cung tha'y r5 su khong tuong duong giira 2 nhom etyl 
trong mdi phire chat. 
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Hinh 6.51. Tin hieu Cl2 va Cl3 cua Et 2 NH phoi tri d r;a/is-[PtCl 2 (Safrole)(Et 2 NH)] 
(ben trai), d r/an.s-[PtCl 2 (Metyleugenol)(Et 2 NH)] (ben phai). 


Hinh 6.52 trinh buy mot ph£n pho HMQC cua /rartj'-[PtCl 2 (Safrole)(Et 2 NH)]. 
Hai pic giao a va b cho biet H8a va H8b cung dinh vdi C8. Hai pic giao / va g cho 
biet HlO-m va HlO-trans cung dinh vdi CIO. Hai pic giao d va c cho biet 2 H12a 
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dfnh voi Cl2a con 2H12b thi dinh v6i Cl2b (xem tin hieu cua Cl2 a hinh 6.51). Nhu 
vay pho HMQC da khing dinh rang van cdng huong HI2a va van cdng huong HI2b 
la thuoc 2 nhom CH 2 khong tirong duong chur khdng phai thudc cung 1 nhom CH 2 
nhu a hinh 6.48. Den muc 6.7.3 ta se giai thi'ch nguyen nhan lam cho 2 nhom etyl tro 
thanh khong tuong duong. 



Hinh 6.52. Mot phan pho HMQC cua tra«5-[PtCl 2 (Safrole)(Et 2 NH)]. 


Qua cac thi du tren ta thay: Tu tin hieu cua proton da biet, thdng qua pic giao 
tren pho HMQC se quy ket duoc chinh xac tin hieu cong huong cua C; ngupc lai, tir 
tin hieu cua C da biet, thong qua pic giao tren ph6 HMQC se quy ket dupe chinh xac 
tin hieu cong huong cua proton. Su quy ket chuan xac nhu vay se cho ta nhixng thong 
tin ve cau true cua phiic chat. 

6.7.2. Pho HMBC 

Su dung pho HMQC ta chi co the nhan ra tin hieu cua nhung nguyen tu C nao 
lien ket true tiep voi H. Noi mot each khac, pho HMQC khong cho phep nhan biet tin 
hieu 1 cua nhung C khong lien ket voi H. 
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De’ quy k£t tin hieu c6ng hucmg cua C, dac biet la nhung C khong dfnh vai H. 
ngudi ta sir dung ph6 HMBC ( Heteronuclear shift correlation via Multiple Bond 
Connectivities). Khi ghi loai ph6 nay, ngucri ta khu bo tirong tac di nhan true tiep, 
do do chi con tuang tac qua 2 hoac 3 lien ke't la thay duqc, tuang tac qua 4 lien 
k£t thudng qua y6u nSn it khi xul't hien. Hinh 6.53 din ra ph6 HMBC cua 
K[PtCl,(Meug)] [116] lam vi du: b true nlm ngang la cac tin hieu c6ng huong cua C, 
o true thing dung la cac tin hieu cbng huong cua H, a giCra pho la cac pic giao. Pic giao 
tr£n ph6 HMBC la the’ hien cua tuang tac giua H va C b each nhau 2, 3 hoac 4 lien ket. 



Hinh 6.53. Ph6 HMBC cua K[PtCl 3 (Meug)]. 

C6ng thuc cua K[PtCl 3 (Meug)] co b hinh 6.34. Cac tin hieu proton cua no duqc 
qui ke't b muc 6.5.3, bang 6.16 va 6.17. Tren hinh 6.53, cac pic giao a, b, c la bieu 
hien tucmg tac qua 3 lien ke't giOa H3 va Cl, C5, C8; cac pic giao d, e bieu hien 
tuang tac qua 3 lien ke't gitfa H2 va C2, C4; cac pic giao g va h la bieu hien tuang tac 
qua 4 lien ke't gitfa H6 va C3, C8. Tir tin hieu cua Cl va C2, thong qua pic giao i va k 
ta xac dinh duqc tin hieu cua H7a va H7b ma neu chi dua vao pho ‘H NMR thi 
khdng the phln biet duqc chung. 

Hinh 6.54 trinh bay m6t phln ph6 HMBC cua trun5-[PtCl 2 (Meug)(o-anizidin)] 
pho l3 C NMR cua no duqc gidri thieu b hinh 6.46, pho ‘H NMR cua no da duqc phln 
tich cf muc 6.5.3, b do dua vao su tach vln phd do tuang tac spin-spin da quy ket 
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Hinh 6.54. Mot ph^n pho HMBC cua rra/i 5 -[PtCl 2 (Meug)(o-CH,OC (S H 4 NH 2 )]. 


dupe chuan xac cac tin hieu H3, H5, H6, H13, H15, H16, con H7a, H7b, va H17 thi 
chua quy ket dupe. 

Cac tuong tac giua H va C qua 3 lien ket co lien quan den ph6 a hinh 6.54 dupe 
minh hoa 6 hinh 6.55. 



Hinh 6.55. Tuong tac qua 3 lien ket su dung khi quy ket cac tin hieu tren hinh 6.54. 

Ta hay su dung pho HMBC 6 hinh 6.54 va tuong tac 6 hinh 6.55 de quy ket th 
hieu cua cac nguyen tir C thorn thuoc 2 vong benzen va tin hieu cua H7a, H7b, H17 
Vi H16 tuong tac qua 3 lien let voi C12 va C14 (hinh 6.55) nen 2 pic giao a va b cu 
no cho biet tin hieu 6 152,0 va 127,0 ppm thuoc C12 va C14 tuong ung. Tuong tu t 
thay: 2 pic giao c va d cua H14 chi ra tin hieu cua C12 (152,0 ppm) va C16 (124, 
ppm); 2 pic giao e va/cua H13 chi ra tin hieu cua Cll (130,52 ppm) va Cl5 (121,8 
ppm); 2 pic giao g va h cua H5 chi ra tin hieu cua Cl (148,83 ppm) va C3 (113,8 
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ppm); 2 pic giao g va h cua H5 chi ra tin hieu cua Cl (148,83 ppm) va C3 (113,88 
ppm); 2 pic giao i va k cua H6 chi ra tin hieu cua C2 (150,11 ppm) va C4 (132,3 
ppm); 2 pic giao / va m cua H15 chi ra tin hieu cua Cll (130,52 ppm) va Cl3 
(112,88 ppm). 

Nhu vSy tin hieu cua ta't ca 12 C thorn da dirge quy ke't m5t each chuan xac. 
Dua vao pic giao n cua Cl2, p cua Cl va o cua C2 ta biet dirge 3 van don rat kho 
phan biet 6 g^n 3,8 ppm tren ph6 proton l£n lugt la: H17 (3,83 ppm), H7a (3,80 ppm) 
va H7b (3,76 ppm) nhir da ghi tren hinh 6.54. 


6.7.3. Pho NOESY 


Hieu ting hat nhan Overhauser 

6 muc 6.3.1 ta da xem xet tuong tac giira cac hat nhan tir tinh truyen qua cac 
electron lien ket. Tuong tac do con dugc ggi la tuong tac vd huong. Cac hat nhan tu 
tinh cung co the tuong tac qua khong gian, nhung tuong tac nay khong dan de'n viec 
tach cac van cong huong thanh cac hgp phan nhu 6 tuong tac vo huong. Tuong tac 
qua khong gian chi tha'y dugc khi m6t hat nhan bi chie'u 6 tan so cong huong cua no 
con hat nhan tuong tac vdi no thi dugc ghi nhan boi tin hieu manh len hoac ye'u di so 
vdi binh thuemg. Su lam n6i bat tin hieu cua hat nhan nhu vay dugc ggi la hieu urng 
hat nhan Overhauser (Nuclear Overhauser Enhancement hoac Nuclear Overhauser 
Effect, viet tat la NOE). 


Ngay tir nam 1960 ngubi ta da chi ra rang, trong thuc nghiem cong huong kep, 
viec chie'u len m6t proton S co the dan t6i lam tang 50 % cudng d6 cua mot proton I 
khac. Dieu kien quan trgng nha't de thu dugc ke't qua do la hat nhan I dugc hoi phuc 
manh boi co che' luong cue. M6t dieu quan trgng nua la hai hat nhan S va I phai 6 
gan nhau trong khoang 2 - 4 A boi vi hieu urng NOE giam theo nghich dao luy thira 
sau cua khoang each giira hai hat nhan. Do do su co mat cua hieu ung NOE se cung 
cap cac thong tin ve su gan nhau trong khong gian cua hai hat nhan trong phan tir 
(khong ke de'n so' lien ke't giira chung). Dieu do rat co lgi khi nghien cuu hoa lap the. 


Pho NOESY (Nuclear Overhauser Effect difference SpectroscopY ) 

Dua tren hieu ung hat nhan Overhauser, ngay nay ngucri ta thuemg dung pho 
NOESY (Nuclear Overhauser Effect difference SpectroscopY) thu6c loai pho 2 chieu 
de phat hien cac proton 6 gan nhau trong khong gian. Hinh 6.56 dan ra pho NOESY 
cua phuc chat rrans-[PtCl 2 (Meug)(p-CH 3 C 6 H 4 NH 2 )] (cong thuc o hinh 6.57) [116] 
lam vf du. O pho NOESY ca 2 true ngang va dgc deu la pho proton cua chat nghien 
cuu. Cac pic giao cr giira pho cho biet cac proton khong tuong duong o gan nhau 
trong khong gian. 
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Hinh 6.56. Pho NOESY cua phiic tran.s-[PtCl 2 (Meug)(/?-CH 3 C 6 H 4 NH 2 )]. 


Pho 'H NMR cua rra/js-[PtCl 2 (Meug)(/?-CH 3 C 6 H 4 NH 2 )] da duac phan rich < 
muc 6.5.3. Tuy nhien neu chi dua vao do cdhh va su tach van pho do ttss thi si 
khong quy ket duqc 2 van dom cua 2 nhom metoxy, tdc khong phan biet duqc dau 1 
tin hieu cua H7a, dau la tin hieu cua H7b. Pho NOESY b hinh 6.56 giup tra 16i cai 
hoi do: trong khong gian, H7a a g£n H6, H7b a g^n H3 (hinh 6.57); pic giao cua H' 
a thap hon pic giao cua H3, vi vay tren pho a true thang durng tin hieu cua H7a cun 
b phia dudi tin hieu cua H7b. 
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Hinh 6.57. Su gin nhau trong khbng gian cua 
H7a va H6; H7b va H3; H17 va H13 hoac H15. 


Hinh 6.58 dan ra ph6 NOESY cua fran.y-[PtCl 2 (Saf)(Et 2 NH)] (c6ng thurc b hinh 
6.59), nhtfng tuong tac gitfa cac proton gin nhau (chi bdi cac ducmg net dut n6i vdi 
nhau 6 hinh 6.59) dlu the hi6n boi cac pic giao tren hinh 6.58. 



Hinh 6.58. Ph6 NOESY cua phurc franj-[PtCl 2 (Saf)(Et 2 NH)]. 
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Hinh6.59. Nhung tuomg tac qua kh6ng gian o safrole ph6i tri. 

6.8. ph6\ hop cAc phl/ong phAp ph6 nghiEn ecru cAu TROC PHUC chAt 

6.8.1. Quy ket tin hieu NMR 6 nhung phoi tu phuc tap 

Viec quy ket tin hieu 13 C NMR co y nghla quan trong vi no giup dung I6n b6 
khung C cua phan tu (xem muc 6.4.4). 6 pho l3 C NMR cua cac phuc chat chura cac 
phoi tur huu co phuc tap, viec quy k£t tin hieu cua nhung nguyen tu C khac nhau it v6 
do cdhh phai can de'n ph6 c6ng huong tir hat nhan hai chieu.Thi du, cac phuc chat 
day Meugl-MeuglO do chung t6i tong hop (cong thirc d hinh 6.34 muc 6.6.3) co 
chura 10-17 nguyen tu C khdng tuong duong, cac nguyen tu C1-C6 la C cua vong 
thorn cua metyleugenol, tin hieu cua chung nam xen ke vdi tin hieu Cl 1-C16 cua cac 
amin th<m, chang han nhu pho cua phurc chat fran.s-[PtCl 2 (Meug)(/7i-toluidin)] 6 hinh 
6.60 va pho cua tran5-[PtCl 2 (Meug)(o-anizidin)] 6 hinh 6.46. 
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Hinh 6.60. Ph6 13 C NMR cua frans-[PtCl 2 (Meug)(m-toluidin)]. 
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D<5i vori nhung phd nhu cr hinh 6-46, 6.60, viec quy ket tat ca cac nguyen tur C 
thucrng gap nhidu khd khan. De giai quydt nhung khd khan do, truac het can phai 
phan tich kl phd 'H NMR (xem muc 6.5.3). Co the sir dung phd DEPT de nhan ra cac 
nhom CH, CH 2 , CH 3 va C kh6ng dinh vdi hidro (xem hinh 6.22, muc 6.4.4). Tir cac 
tin hieu proton da bi^Tt mdt each chinh xac, dimg phd HMQC ta xac dinh dirge nhimg 
nguyen tir C lien ket true tiep vdi nhirng proton do (xem muc 6.7.1). Tuong tu, dimg 
phd HMBC ta xac dinh duoc h£u het C trong phan tir (xem muc 6.7.2). Tir nhirng tin 
hieu C da biet chinh xac, dua vao phd HMQC hoac HMBC co the quy ket duoc tin 
hieu cac proton kho phan biet (xem hinh 6.48, 6.54). Ngoai viec phdi hop cac 
phuong phap phd nhu da neu, con phai chu y den tinh tuong dong va tinh khac biet 
trong mdi day phurc chat va mdi loai phdi tir. Chang han, cac tin hieu NMR cua 
metyleugenol va safrole phdi tri vdi Pt co nhirng net tuong ddng nhung cung co 
nhirng net khac biet. 

Cac ydu to ngoai phan tu (muc 6.2.2) nhu dung mdi ghi phd, cung can phai chu 
y den. 6 bang 6.16 muc 6.5.3 ta tha'y, ddi vdi 9 phirc chat (Meug2 - MeuglO) 5(H7a) 
> 6(H7b), rieng vdi phurc chat Meugl thi 8(H7a) < 5(H7b) (xem hinh 6.53, muc 
6.7.2). Phirc Meugl la phurc anion, cac phurc Meug2 - MeuglO ddu la phurc trung hoa. 
Sir khac biet do duoc thd hien b chd do cdhh cua nhung proton cr gan nguyen tir trung 
tarn nhu H8a, H8b, H9, H10-m va HlO-tran^ cua phurc Meug2 ddu nho hon so vdi 
cac phurc ghi trong bang 6.17 (muc 6.5.3). Cac proton H7a, H7b 6 xa cac nguyen tir 
cho va xa nguyen tir trung tarn se chiu anh hudng khong dang ke, vi the' khdng the 
lam thay ddi trat tu ve do cdhh cua chung duoc. Chung tdi cho rang chinh lien ke't 
hidro cua CD 3 OD (dung mdi ghi phd) vori nhom CH 3 0 da lam thay doi trat tu vd do 
cdhh cua chung. 

Ket qua phdi hop mdt sd phuong phap phd quy ket tin hieu C b cac phirc chat 
Meugl - MeuglO duoc liet ke cr bang 6^20. 

6.8.2. Xac dinh cau true khong gian cua phurc chat [PtCI 2 (Arylolephin)(amin)] 

6 cac muc tren da dua ra nhieu vi du dua vao viec phan tich phd IR, Raman, 
UV-Vis ‘H NMR, n C NMR va phd 2D NMR de xac dinh cau true cua phirc chat. 6 muc 
nay se minh hoa ro hon thong qua viec sur dung phd 2D NMR xac dinh vi tri cua cac 
nhom nguyen tir trong cau phdi tri cua phurc chat [PtCl 2 (Arylolephin)(amin)] [116]. 

Hay tro lai vori phurc rrans-[PtCl 2 (Saf)(Et 2 NH)] v a fra/«-[PtCl 2 (Meug)(Et 2 NH)]. 
Mdt sd' phd NMR cua chung da duoc dua ra 6 cac hinh 6.51, 6.52, 6.58. De biet duoc 
chi tiet ve ca'u true khdng gian cua 2 phirc tren, hay phan tich phd NOESY cua chung 
trdn hinh 6.58 va hinh 6.62. 
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Bang 6.20. Tin hieu 13 C NMR cua cdc phurc chit Meugl - MeuglO 
(c6ng thuc xem a hinh 6.34, s 6 chi vi tri ghi 6 hinh 6.61, dung mOi xem a bang 6.18) 



Meug 1 

Meug 2 

Meug 3 

Meug 4 

Meug 5 

Meug 6 

Meug 7 

Meug 8 

Meug 9 

MeuglO 

Cl 

148,97 

149,08 

147,81 

149,21 

149,06 

148,80 

148,89 

148.83 

148.10 

148,79 

C2 

150,38 

150,41 

149,03 

150,52 

150,39 

150,08 

150,17 

150,11 

150,40 

150,08 

C3 

114,29 

113,87 

112,24 

114,07 

113,11 

112,74 

112,90 

113,88 

111,70 

112,74 

C4 

133,74 

132,56 

131,03 

132,24 

132,08 

132,26 

132,39 

132,30 

130.68 

132,30 

C5 

122,10 

121,62 

120,84 

121,81 

121,83 

121,84 

121,89 

121,47 

121,83 

121,85 

C6 

113,21 

113,08 

111,49 

113,28 

113,85 

113,79 

113,93 

112,85 

113,07 

113,83 

C7a 

56,58 

56,18 

55,97 

56,27 

56,21 

56,32 

56,42 

56,25 

56.08 

56,30 

C7b 

56,54 

56,08 

55,97 

56,12 

56,08 

56,28 

56,34 

56,27 

55,76 

56,27 

C8 

39,87 

40,14 

40,10 

40,13 

39,70 

39,80 

39,82 

39,89 

40,01 

39,77 

C9 

92,11 

98,01 

99,71 

99,21 

101,44 

100,48 

100,45 

99,64 

101,08 

100,62 

CIO 

65,20 

69,26 

69,35 

69,19 

70,08 

69,21 

69,20 

68,45 

70,04 

69,19 

Cll 

- 

- 

- 

- 

146,39 

140,82 

138,52 

130,52 

132,29 

133,30 

C12 

- 

- 

32,22 

49,71 

49,67 

132,12 

127,18 

130,67 

152,00 

116,48 

124,30 

C13 

- 

- 

- 

14,74 

14,67 

121,87 

140,31 

122,66 

112,88 

161,23 

115,29 

C14 

- 

- 

- 

- 

127,46 

120,10 

135,99 

126,98 

113,63 

158,55 

C15 

- 

- 

- 

- 

128,05 

123,38 

122,66 

121,81 

113,92 

115,29 

C16 

- 

- 

- 

- 

131,59 

130,05 

130,67 

124,11 

131,00 

124,30 

C17 

- 

- 

- 

- 

19,13 

21,41 

20,94 

56,83 

56,21 

56,21 
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CH 2 


™Mtrans 
H H cis 


(I, Meug) 


12 

CH 3 NH 2 

(II) 

13 12 

(CH 3 CH 2 ) 2 NH 

(III) 





15 16 
(IV) 


NH, 


Hinh 6.61. Cach ghi so chi vi tri a cac pho'i tu trong day phirc chat Meugl - MeuglO 
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Hinh 6.62. Mot ph<m pho NOESY cua rra/zs-[PtCl 2 (Meug)(Et 2 NH)]. 

Nhu tha'y tren hinh 6.62, cac van cong hucmg cua HlO-czs, HlO-trans, H9, H8a 
va H8b d£u tach biet va phan giai ro rang. Dieu do chung to su quay cua Et 2 NH quanh 
true N-Pt, cua metyleugenol quanh true phoi tri vdi Pt va cua nhom (CH 3 0) 2 Q,H 3 CH 2 
quanh lien ket C8-C9 (xem cong thuc o hinh 6.63) hau nhu khong xay ra theo thang 
thefi gian cong hudng tit. Vi vay cac pic giao cua cac proton lien quan tren pho cho 
phep xac dinh duoc vi tri tuong doi cua chung nhu sau. Cac pic giao k cua HlO-c/s 
vdi H9; /, m cua HlO-trazz^ vdi H8a va H8b chung to H8a va ca H8b deu a gan H10- 
trans con nhom (CH 3 0) 2 C 6 H 3 thi a xa HlO-rra/zs, nhu trong cong thuc A, ma khong 
phai nhu edng thuc B tren hinh 6.63. 
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Hirth 6.63. Cong thuc chieu Niumen, nhin doc theo liin kit N-Pt, 
mat phing ph6i tri cua Pt(II) nim doc theo chiiu thing dung. 

A: ca H8a va H8b diu gin HlO-frans; 

B: H8a va nhom (MeO) 2 C 6 H, 6 gin H10-rrans, 

C; ca 2 nhom etyl d6u o xa nhin benzen. 


Hai pic giao n va p cho thi'y HI2a (cua etylamin) o gin vdri H7b va 8a (cua 
metyleugenol). C) ciu true C (hinh 6.63) thi HI2a (nhom CH 2 a) va ca HI2b (nhom 
CH 2 b) deu khong du gin H8a, H8b, H7b de co duoc tuong tac qua khdng gian (turc la 
co duqc pic giao). Chi co ciu true D 6 hinh 6.64 m6i phu hop vdi cac pic giao tren 
pho NOESY. Tir sir phin tfch tucrng tu ta thi'y phirc rra«5-[PtCl 2 (SaO(Et 2 NH)] cung 
co ciu true tuong tu nhu cong thurc D. 




Hinh 6.64. D: ciu true cua phurc chit rran5-[PtCl 2 (Meug)(Et 2 NH)], 
E: ciu true cua cac phuc chit rran5-[PtCl 2 (Meug)(RNH 2 )]. 


Sir phin tfch tren diy da khang dinh ring 2 nhom etyl cua Et 2 NH phoi tri 6 
phde chit rra«5-[PtCl 2 (Meug)(Et 2 NH)] va phde rrun5-[PtCl 2 (Saf)(Et 2 NH)] la khong 
tuong duong. Vi sao chung lai tro thanh khong tuong duong? Dua vao ket qua phin 
tfch phd'NOESY nhu neu 6 tren, chung toi cho ring: mot mat do metyleugenol va 
dietylamin la nhung ph6i tu cong kenh nen su quay cua chung bi can tro. mat khac 
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lidn ke't hidro yeu giQa H cua nhom NH vdri Cl trong c^u phoi tri da lam cho mot 
nhom etyl a gSn nhom (CH 3 0) 2 C 6 H 3 , con nhom etyl thu: hai thi cf xa no. Theo tai lieu 
[93], sir chan bat ding hirdng cua nhan benzen la dang kd trong mot pham vi khoang 
each gap 3 Ian ban kfnh cua nhan (139 pm). O ca'u true D cac nhom CH 2 a, CH,a nam 
trong pham vi anh hudng cua nhan benzen nen do cdhh cua chung phai khac so vdi 
cac nhom CH 2 b, CH 3 b. (!) cac phtic chat chiia phoi tu la amin bac 1 (kf hieu RNH 2 ), 
do nhom NH 2 tao dupe lien ket hidro vdi ca 2 nguyen tu Cl nhu o cong thurc E (hinh 
6.64), nhom R a xa nhan benzen nen cac tin hieu cong huong cua no khong co gi bat 
thuctng. 

(!) phiic chat rra/«-[PtCl 2 (C 2 H 4 )(Et 2 NH)] cong thurc 6 hinh 6.50 (muc 6.7.1) 
cung chinh lien ket hidro yeu NH...C1 da lam cho 2 H trong m6i nhom CH 2 tro thanh 
khong tuong duong. Can luu y rang 6 phurc c/5-[PtCl 2 (Morpholin)(Et 2 NH)] hai nhom 
etyl cung khong tuong duong ve vi tri khong gian doi vdi vong morpholin, nhung vi 
su chan bat dang hudmg cua cac lien ket C-C 6 vong morpholin la khdng dang kd, 
nen tren ph6 ‘H NMR chung to ra la tuong duong (xem bang 6.17). 
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Chucmg 7 

PHITCNG PHAP PH6 KHOI Ll/ONG 

7.1. PHLfONG PHAP PH 6 KH(5l Ll/ONG ION HOA ELECTRON (El MS) [93, 94,116] 

7.1.1. Su tao thanh ion ph&n tir va ion manh 

Thoat tien mlu duqc lam bay hoi trong bu6ng hoa hoi nhd chan khdng cao 
(10~ 6 mmHg) va khi can thi co gia nhiet, sau do cac phan tur d the khf bi ban pha bdi 
chum electron vdi nang luqng cao (hinh 7.1). Gia sir phan tu M va cham vdi electron 
co nang luong cao thi nhung qua trinh dau tidn xay ra la sir ion hoa phan tu. 

a) M + e -> [M] + + 2e ; b) M + e -► [M] z+ + (z + l)e ; c) M + e = [M]~ 

0 qua trinh a, su va dap vdi electron da loai khoi phan tu mdt electron. Bdi vi d 
cac phan tu, thdng thudng cac electron deu ghep ddi nen khi do se tao ra mdt cation 
goc [M] + . Tieu phan nay duqc goi la ion phan tut va thudng viet mot each don gian 
la M + . 0 qua trinh b phan tu bi mat z electron (z = 2 hoac 3) khi do tao ra ion phan tu 
mang dien tfch z+. Qua trinh nay co xac sua't rat nho. 6 qua trinh c, phan tU chidm 
duqc mot electron va trd thanh anion goc [M]”. Qua trinh nay cung co xac suat rat 
tha'p. Nhu vay su ion hoa phan tu duqc thuc hien bdi chum electron, vi vay phuong 
phap nay goi la Electron Ionization Mass Spectrometry (El MS). Trong may ph6 El 
MS, chi nhung ion duemg mdi den duqc bo phan tfch con cac ion am thi bi giu lai d 
budng ion hoa (xem muc b). 

Qua trinh a la quan trong nha't doi vdi phuong phap pho khoi luqng, no doi hoi 
nang lucfng cua electron ban pha phai bang hoac cao hem nang luqng ion hoa phan tu 
(7 - 15 eV; 1 eV = 23 keal/mol « 96 kJ/mol). Neu nang luqng cua electron ban pha 
vua bang the ion hoa thi no phai truyen hoan toan cho phan tu de but electron ra khoi 
phan tu. Xac suat cua qua trinh do rat nho. Khi tang nang luqng cua chum electron 
thi xac suat tao ra ion phan tir M + tang ldn (cudng do cua pic M + tang). Neu ti£p tuc 
tang nang luqng chum electron thi nang luqng du ma ion phan tu nhan duqc se gay ra 
su dut cac lien ket lam cho phan tir vo thanh cac manh. Mot trong cac manh do se 
mang dien duerng con manh kia se la trung hoa. Qua trinh do goi la su phan manh. 

Ta hay lay trudng hop cua etyl butyl xeton lam thf du (gia tri m/z trung vdi 
khoi luqng cua ion, dvC): 


380 


o 0 + - 

CH 3 CH 7 -C-CHXH 2 CH 2 CH 3 + e —► CH 3 CH 2 -C-CH 2 CH 2 CH 2 CH 3 + 2e 


(ion phan tu, M + , m/z 114) 

Tidfp theo. ion phan tti tu phan tach thanh cac ion manh va cac tieu phan trung hoa: 
0 + * 

CH 3 CH 2 -C-CH 2 CH 2 CH 2 CH 3 —► CH 3 CH 2 + CH 3 CH 2 CH 2 CH 2 OC) 

(ion manh m/z 85) 

0 + ‘ 

li 

ch 3 ch 2 -c-ch 2 ch 2 ch 2 ch 3 — ► ch 3 ch 2 ch 2 ch 2 + ch 3 ch 2 oo 

(ion manh m/z 57) 

ch 3 ch 2 ch 2 ch 2 oo —► CO + ch 3 ch 2 ch 2 ch 2 

(ion manh m/z 57) 

ch 3 ch 2 oo —► CO + ch 3 ch 2 


(ion manh m/z 29) 


Ion phan tit cung nhu cac ion manh con c6 the bi chuyen vi roi mtii bi phan 
tach. Ngoai ra, khi bi hoa hoi va khi va cham v6i cac tieu phan khac, con co the xay 
ra cac phan umg nhiet phan, phan ting ket h(^> them mot hoac mot nhom nguyen tu 
nao do. Vi the, 6 pho khoi luong, ngoai rat nhieu manh tuong ting voi nhung nhom 
nguyen tu co san trong phan tu, con co nhung manh khong tuong ting voi mot nhom 
nguyen tu nao co san trong phan tu. 

Trong phuong phap ion hoa bang chum electron (El), nang luong ban pha rat 
cao (toi 70 eV), vi vay h^u nhu ta't ca cac ion hinh thanh deu co du nang luong de 
phan manh tiep theo. Nhung ion nao du ben, th6i gian song du de di toi duoc bo phan 
thu nhan thi moi duoc ghi lai tren pho. Cudng do cua m6i pic tren pho ti le thuan vtii 
so luong ion co khoi luong ting voi pic do da den duoc bo phan thu nhan. 

Pic ion phan tu se co cucmg do ltin khi su phan huy ion phan tu xay ra vtii nang 
luong hoat hoa cao (khoang 4 eV), ttic la cac lien ket o ion phan tu tuong doi ben. 
Nguoc lai, neu o ion phan tu cti nhung lien ket kem ben (d6 bi dtit) thi cuong do pic 
ion phan tu se rat nho hoac bang khong. 

De’ giai thfch each thtic phan manh, c^n phai dua vao do ben tuong doi cua cac 
ion, cac goc tao thanh va vao quy tac chan electron. 

Nhung nhan xet sau se rat cti fch khi phan tfch pho khoi luong: 
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1) Cac ion co sir giai toa didn ti'ch, cac ion axyli, oxoni, immini thucmg dt duqc 
hinh thanh. 

2) Cac cation hoac gd'c bac ba ben hon bac hai, bac hai bdn hon bac mdt. 

3) Cation vinyl, g 6 c vinyl cung nhu cation phenyl va g 6 c phenyl kho hinh 
thanh hon cac ti£u phan anlyl va benzyl tirong umg. 

4) Viec hinh thanh cac cation H + va CH 3 la rat khdng thuan loi. 

5) Vi 6 c mat nhom CH 2 tir ion phan tir la kh 6 ng xay ra, boi vi :CH 2 la mdt ti£u 
phan co nang luong rat cao. Vi th£, n£u tha'y co sir mat 14 don vi kh 6 i lirong tir pic 
ion phan tir thi phai' nghl tori su co mat cua dong dang. 

Quy tac “chdn electron” 

Sir phan huy ion phan tir hoac ion manh lu 6 n tao ra m 6 t ion ducmg va mot ti^u 
phan trung hoa. Ion ducmg co the la ion g 6 'c (chira m 6 t s 6 le electron) hoac la ion vdi 
s 6 chan electron (goi la ion chan electron). Tieu phan trung hoa co the la g 6 c tu do 
(chira so le electron) hoac la phan tir trung hoa (chira so chan electron). Theo quy tdc 
“chdn electron ”, cac ion le electron (ion goc) phan huy bang each mat di m 6 t g 6 c tu 
do hoac m 6 t phan tir trung hoa, con cac ion chan electron thucmg luon phan huy bang 
each mat di mot phan tir trung hoa. Co the minh hoa quy tac do m 6 t each tom tat nhu 
sau: 

M + * -► B + + goc (1) hoac M + -^ A + * + Phan tu trung hoa (2) 

A + * —► C + + goc (3) hoac A + —► D + * + Phan tir trung hoa (4) 

Nhung E + F + + phan tu trung hoa (5) 

Ma thucmg khdng xay ra qua trinh E + -G +t + Goc ( 6 ) 

Ngoai le d 6 'i vdi quy tac nay (nghia la phan irng xay ra theo so d 6 6 ) la su phan 
huy dan tori pic “lac” (metastable). Ngoai le nay tha'y a mot vai dan xua't diiot. 

Ngu 6 n goc vat If cua quy tac “chan electron” la a tinh bdn vung 1dm cua cac ion 
chan electron so vdi cac ion goc. Bdi vi su tach cac phan tir trung hoa (nhu H 2 0, 
CH 2 =CH 2 , HCN, CH^COOH...) la ludn ludn co kha nang nen cac ion chan electron 
khi phan huy lai tao ra cac ion chan electron (phan umg 5). Nang lurmg hoat hoa cua 
qua trinh nay la thap do co su hinh thanh mdt ph^n lien ket cr trang thai chuyen tiep. 
Nguqc lai, cac ion le electron (ion goc) co m 6 t su chon lua giua hai kha nang: hoac 
tach ra mot goc thucmg la kem ben vung va tao thanh mdt ion chan electron bdn vung 
hon (phan ung 1 va 3) ; hoac la tach ra m 6 t phan tir trung hoa bdn vung va tao thanh 
mot ion goc kem ben vung (phan ung 2 va 4). 
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7.1.2. May pho khoi lupng 

Noi mdt each dan gian, may pho khPi lupng dupe che tao de thuc hien ba 
nhiem vu co ban la: Chuyen chat nghidn curu thanh the khi; Tao ra cac ion phan ttr va 
ion manh tir khi do ; Phan tach cac ion do roi ghi lai tin hieu theo ti so khoi lupng 
trSn dien tich (m/ze) cua chung. Bdi vi e la dien tich cua mot electron, diroc lay la 1, 
n£n ti s6 tren thuemg vie't la m/z. Them nua vi xac suat tao ra cac ion co z > 1 la rat 
nho, do do ti so m/z thuemg chinh la khoi lu<mg cua ion. Vi the pho thu duoc co ten 
la ph6 kh6i luong, viet tat la pho MS (Mass Spectroscopy). 

Hinh 7.1 trinh bay so do nguyen li cua mot may pho khoi lucmg. Mlu sau khi 
hoa hoi dupe phong vao bu6ng ion hoa qua khe a va bi ban pha boi chum electron b 
(hinh 7.1). Do ket qua va d$p cua phan tur chat nghien cuu vdi cac electron co nang 
luong cao (~ 70 eV) se tao ra cac ion duong chuyen dong huomg ve cac ban gia t6c c 
va d mang dien tich am. Nhung ion am thi bi hut ve phia thanh sau cua bu6ng ion 
hoa (vi 6 do mang dien tich duong). Nhung ion duong di qua cac ban c va d dupe gia 
toe dudi tac dung cua hieu dien the V (khoang 8 kV) roi rdi khoi buong ion hoa tir 
khe g. 



Hinh 7.1. So do nguyen li may pho khoi lupng. 

Ra khoi khe g dudi anh hudng cua tir trudng B. cac ion chuyen dong theo cac 
quy dao vong cung. Ban kinh r cua quy dao do phu thuoc vao cac tham so sau: 1) 
Hieu dien the' V giua hai ban gia toe c va d ; 2) Khoi lupng m cua ion ; 3) Dien tich z 
cua ion va 4) Cudmg dp cua tir trudng B. Moi lien he giua cac dai lucmg do dupe bieu 
dien bdi edng thuc: 
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m B 2 r 2 


z 2V 

Dd'i vdi mot ion ti so m/z la c 6 dinh, bing each thay d 6 i cudng dd tir truemg B 
se thay doi duqc ban kinh r cua quy dao chuyen ddng cua n 6 . Noi mdt each khac, co 
the lam cho cac ion m/z khac nhau lin luqt di qua khe h de tdi ban thu nhan i (hinh 
7.1). Vdi each phan tach nay, ngucri ta de dang phan biet duqc cac ion vdi khdi lirong 
khac nhau 0,1 dvC. Nhung thucmg thi trdn ph 6 d 6 , kh 6 i lumtg cua cac ion d 6 u ducrc 
lam tron. Can chu y la trong m 6 t so tai lieu ngucri ta kf hieu dien tfch cua ion la e, do 
do trong c 6 ng thirc tr 6 n cung nhu tr 6 n cac ph 6 se ghi m/e thay cho m/z. 

7.1.3. Cach bieu dien pho khoi luqng 

6 ph 6 khdi luqng, m 6 i ion chi cho mot tin hieu rat manh vdi mdt dinh duy nhat 
urng v 6 i gia tri m/z cua no (hau nhu la m 6 t vach thing dumg). Vi the' ngudi ta dung tir 
vach hoac tir pic (peak) de chi cac tin hieu do. 

Cach biiu dien pho khdi luqng thdng thucmg nha't la dung cac vach thing dung 
co do cao ti le v 6 i cucmg d 6 va co vj tri tren true nam ngang tuemg ung vdi ti s 6 m/z 
cua m 6 i ion. Cucrng d 6 chi ra tren true thing dung la cucmg d 6 tuemg ddi. Thdng 
thucmg, ngucri ta chon pic manh nha't lam pic ccr ban va quy cho nd cucmg dd la 
100%. Cucmg dd cac pic khac duqc tfnh ra % so vdi pic co ban. Cac pic duqc sip xdp 
theo gia tri m/z tir tha'p den cao, tren mdt sd pic co thd ghi ro gia trj m/z. Doan pho 
vdi m/z > 110 cua dietyl- 2 -axetyl glutarat bidu dien theo each neu tren duqc trinh 
bay d hinh 7.2. 
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Cd thd bie’u didn phd khdi luang dudi dang bang. Thi du doan phd cua dietyl-2- 
axetyl glutarat d hinh 3.2 duac bidu didn nhu of bang dudi day: 


m/z 

111 

112 

113 

114 

115 

116 

121 

129 

137 

138 

139 

140 

141 

Cudng dd, % 

15 

3 

18 

100 

12 

2 

2 

2 

3 

3 

45 

8 

22 

m/z 

142 

143 

157 

185 

186 

187 

188 

189 

214 

215 

216 

217 

230 

Cudng dd, % 

27 

6 

12 

67 

8 

11 

66 

7 

5 

14 

2 

2 

3 


Cach bidu didn phd khdi luang dudi dang bang tuy gon horn nhimg lai kem true 
quan han so vdi each bieu didn bang bidu d6 nhu trinh bay d hinh 7.2. 

7.2. D6NG V| TRONG PHl/ONG PHAP PH 6 KH6l LlfQNG [87,116] 

7.2.1. Bieu hien cua cac dong vi tren pho khdi luang 

Ndu phan tu chat nghien ciru chua mdt nguydn td co han mdt dong vi bdn vdi 
ham luang tu nhien du ldn thi vdi m6i ion chua nguyen td do se quan sat thay nhieu 
han mdt pic. Thi du, 6 phd cua CH 3 Br co 2 pic vdi cudng dd nhu nhau d m/z = 94 va 
96 tuang umg vdi ion [CH 3 79 Br] + va [CH 3 8l Br] + . Hai ddng vi 79 Br va 81 Br co ham luang 
tu nhien hSu nhu bang nhau (50,54 va 49,46%), vi thd mdi ion manh co chua Br deu 
thd hidn d 2 pic vdi cudng dd g£n nhu bang nhau va d each nhau hai don vi m/z. 

Ham lucmg tu nhien cua 35 C1 gap ba ian cua 7 C1 (bang 3.1), do do ion co chua 
mdt nguyen tu clo se cho hai pic each nhau 2 dan vi m/z vdi cudng do 3: 1. Ion phan 
tu hoac ion manh ndu chua 2 nguydn tur brom (hoac clo) se cho mdt nhom 3 pic, neu 
chura 3 nguyen tu brom (hoac clo) se cho mdt nhom 4 pic, cac pic nay deu each nhau 
2 dan vi m/z va co cudng do tinh duac nhd toan xac sua't, chang han nhu d hinh 7.3. 
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Hinh 7.3. Cudng dd tuang ddi cua cac ion ddng vi chua 1, 2, 3 hoac 4 nguyen tu Cl. 
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Doi vdi liru huynh, d6ng vi 32 S chi£m 95%, d6ng vi M S chi£m 4% do d6 d h<jp 
chat chua mot nguyfen tir S se co hai pic ion phan tu vdi kh6i luong M vi M + 2. 
Cudng do cua pic M + 2 bang 4% cudng dd pic M. Didu nay co thd thay ro trdn ph6 
cua benzothiazol ducrc trinh bay d hinh 7.4: bdn canh pic ion phan tir d m/z = 135 c6 
pic 6 m/z = 137 vdi cudng do la 4%. 



25 50 75 100 125 m/z 


Hinh 7.4. Pho khoi ltrong cua benzothiazol. 

Dong vi l3 C co ham luong tu nhien la 1,1% do do ta't ca cac ion co chura cacbon 
ddu co thdm mot pic vdi khdi luong lorn hon mot don vi. D6i vdi mot ion chura n 
nguyen tu cacbon thi cudng do cua pic dong vi l3 C se bang n x 1,1% so vdi pic ddng 
vi 12 C. Chang han, cac ion [C 5 H 12 ]* , va [C IOO H 170 ] + * se tao ra cac pic ddng 

vi co khoi luong ldn hon mot don vi va co cudng do bang khoang 5,5; 44 va 110% so 
vdi pic cua ion chi chua ddng vi l2 C. Ta't nhien la xac sua't de tim tha'y hai nguyen tir 
13 C trong mot ion la rat tha'p, vi the pic M + 2 thudng co cudng do khong dang ke. C) 
pho cua benzothiazol (hinh 7.4), giua pic M (m/z = 135) va pic M + 2 (do ddng vi 34 S 
tao nen) co pic M + 1 vdi cudng do bang 8% cudng do pic M. Neu cho rang vd co 
ban pic M + 1 la do ddng vi 3 C gay nen thi ta co the tinh duoc gan dung so nguyen 
tir cacbon trong phan tir benzothiazol la 7 (bang each la'y ti s 6 cudng do cua pic do va 
cudng do cua pic ion phan tir, I (M +i)/Im> c hia cho ham luong tu nhien cua ddng vi 3 C): 

_ ^M+l)- 100 _ 8_ _ 

I(M + 1) U " U “ 
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D6ng vj l5 N chi chi£m c6 0,36%, d6ng vi l4 N chie'm 99,64%, vi vay c6 the cho 
rang cr cdc ion phan tu chi chira d6ng vi l4 N. Ngucri ta rut xa^quy tac nito"' nhu sau: 
D6i vdi hop chat chura nito, neu khdi lucrng cua ion phan tur la s6 le, thi phan tu co 
chura mdt s 6 le nguyen tu nito ; n£u khdi luong cua ion phan tu la so chan, thi phan tu 
c6 chua mOt s 6 chan nguyen tu nito. Chang han, tr6n ph6 cua benzothiazol (hinh 7.4) 
pic ion phan tCr co khdi luong 135, vay phan tu co chua mot nguyen tu nito (so 
nguydn ttr C va S da xet d tren). 

Platin co nhieu d6ng vi, trong do 4 d6ng vi co ham luomg dang ke la: l94 Pt, l9, Pt, 
!96pt, i9»p t (ba n g 7 _i), Hay xem xet ph6 khdi luong cua c/s-dicloro(anilin) (quinolin) 
platin (II) 6 hinh 7.5. 



Hinh 7.5. Ph6 kh6'i luong cua cis-[ PtCl 2 (C 6 H 5 NH 2 )(C 9 H 7 N)]. 


Phurc chat c/5-[PtCl 2 (C 6 H5NH2)(C 9 H7N)] co phan tut khdi tha'p nha't (ti'nh vdi cac d6ng 
vj nhe nha't) la 486, 6 cum pic ion phan tut cua no co cac pic vdi m/z ian luqt lk: 486, 487, 
488, 489 va 490. D6'i v6i cac phurc cis-diamin cua Pt ma chung t6i nghien cun, tucrng 
tu nhu o hinh 7.5, cac cum pic ion phan tu cua chung deu gom tu 4 vach tro len. Do 
la bieu hien sir t6 hop cac d6ng vi cua Pt, Cl, C la chu yeu (xem bang 7.1). 

7.2.2. Pho khoi luong phan giai cao 

Thuc ra khd'i lucrng tinh theo don vi C cua hau het cac dong vi deu kh6ng phai 
la cac s6' tron don vi ma la cdc s6' thap phan nhu tha'y 6 bang 7.1. 
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Bang 7.7. KMi lupng nguyen tu va ham lupng tu nhien cua mpt s6 d6ng vi 


D6ng vi 

Khdi lupng 
nguyfin tu 
( 12 C = 12,000000) 

Ham lupng 
tu nhien, % 

D6ng vi 

Khdi lupng 
nguyen tu 
( 12 C = 12,000000) 

Him lupng 
tu nhien, % 

‘H 

1,007825 

99,985 

33 S 

32,971461 

0,76 

2 h 

2,014102 

0,0015 

34 S 

33,967865 

4,2 

12 c 

12,000000 

98,9 

35 C1 

34,968855 

75,8 

13 c 

13,003354 

1,1 

37 C1 

36,965896 

24,2 

,4 n 

14,003074 

99,64 

79 Br 

78,918348 

50,5 

I5 n 

15,000108. 

0,36 

81 Br 

80,916344 

49,5 

l6 o 

15,994915 

99,8 

127 j 

126,904352 

100 

,7 0 

16,999133 

0,04 

127 j 

126,904352 

100 

18 o 

17,999160 

0,2 

127j 

126,904352 

100 

19 f 

18,998405 

100 

,94 pt 

193,9627 

32.9 

28 s, 

27,976927 

92,2 

195 pt 

194,9648 

33,8 

31 p 

30,973763 

100 

196 pt 

195,9649 

25,3 

32 s 

31,972074 

95,0 

,98 pt 

197,9679 

7,21 


Chfnh vi vay khong co gi la ngac nhien khi CO, H 2 CN, C 2 H 4 va N 2 dupe "chap 
nhan" co phan tCr khoi deu la 28 thuc ra lai la nhung tieu phan co khoi lupng khac 
nhau dang ke: 

Tieu phan: 'H 16 0 14 N CO H 2 CN QH 4 N 2 

Khoi lupng: 1,00782 15,9949 14,0031 27,9949 28,0187 28,0313 28,0061 

Phuang phap pho khoi luang phan giai cao cho phep phan biet dupe cac ion 
duong tuong umg v6i cac tieu phan ke tren. Ngubi ta dat dupe do phan giai cao bang 
each cho chum ion di qua mot bo phan phan tach bang tmh dien trubc ^hi di vao bo 
phan phan tach bang tit trubng. Cach phan tach hai 12n nhu vay cho phep co the xac 
dinh dupe khoi lupng chinh xac toi co phan van dvC hoac nho hon nua. 

6 phuong phap pho khoi lupng phan giai cao, cac thPng tin dupe xu If a mpl 
may tinh da dupe chuong trinh hoa vbi khoi lupng chfnh xac cua C, H, O. N... (xem 
bang 7.1). Tir khoi lupng chfnh xac cua cac ion, may tmh se cho biet thanh phan cua 
chung. Thanh phan cua cac ion dupe tu d6ng ghi ra theo chieu tang gia tri m/z va 
dupe sap xep theo tung loai (thf du loai ion chua C, H, loai ion chua C, H. O...) 
Nguoi ta goi do la “ban do nguyen to” cua chat. 
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Nhd xac dinh dugc khdi lugng chfnh xac tdi phan van, phan trieu dvC, thong 
qua may tinh, ngudi ta da xac dinh dirge each t6 hgp cac nguyen tu a ion phan tu, tire 
la xic dinh dirge cong thue phan tir ma kh6ng edn phai phan rich dinh lugng nguyen 
td. Do la mdt thanh edng tuyet vdi cua phuong phap ph6 khoi lugng phan giai cao. 
Nhu thd, ngay nay chi c&n mdt lugng miu rat nho (c5 ng tham chi vai pg chat nghien 
curu) cung du dd xac djnh edng thurc phan tu cua no. 

7.3. MOT S 6 CfNG DUNG CClA Ph 6 El MS [94,116] 

7.3.1. Xac dinh nguyen tur khoi va phan tu khoi 

Xac dinh nguyen tie khd'i cac dSng vi 

Ph6 khdi lugng thoat d^u dugc dung d£ xac dinh nguyen tur khd'i cac dong vi. 
Ngay tur nam 1919 F. M. Aston da dung dien trucmg va tur truemg de phan tach chum 
ion duong (tia duang cue) va xac djnh dugc khdi lugng cua chung vdi ddr chinh xac 
0,1%. Sau do, dung may ph6 khdi lugng Dempster (gidng vdi so d6 tren hinh 7.1) 
ngucri ta xac dinh dugc khdng nhung khdi lugng ma ca ham lugng % cua cac d6ng vi. 
Dai da sd cac d6ng vi da dugc tim ra va dugc xac dinh bang ph6 khdi lugng. Thi du, 
ph6 khd'i lugng cua khi hiem xenon cho tha'y xenon g6m it ra la 9 d6ng vi vdi ham 
lugng tu nhidn giam ddn theo trat tu sau: 

132 Xe > 12 Xe > 13I Xe > 134 Xe > 13 Xe > 130 Xe > 12 Xe > 124 Xe > 12 Xe. 

Xac dinh phan tii khd'i 

Neu ion phan tur dugc tao ra ma du ben thi phan tu khd'i dugc xac dinh true tie'p 
tir pic co gia tri m/z cao nha't va co cudng do khong phu thude vao ap sua't. Cdn chu y 
la pic cua cac ion chda ddng vi nang nhieu khi cung co cudng do so sanh dugc vdi 
pic cua ion chira ddng vi nhe. 

Co nhung trudng hgp ma phan tu khdi khdng th£ xac dinh dugc bang cac 
phuong phap thong thudng (do dac diem cua chat, hoac do lucmg chat qua it...) thi 
phuong phap ph6 khd'i lugng la curu canh. Vi du nhd co pic ion phan tu trong ph$ 
khd'i lugng ma ngudi ta da xac dinh dugc Fe(CO) 4 CF 2 CF 2 CF 2 CF 2 khong a dang 
polime ma la monome vdi M = 368 dvC. 

6 nhung trudng hgp ma ion phan tu khdng du ben, no bi phan huy ngay a 
buong ion hoa hoac trude khi de'n dugc bo phan ghi nhan, thi pic ion phan tu hoac co 
cudng dd qua nho (nhu pic cua tap chat) hoac hoan toan khdng xua't hien tren ph6. 
Viec giam nang lugng cua chum electron ban pha tuy co lam tang cudng do cua pic 
ion phan tu so vdi cudng dd cua cac pic ion manh nhung cudng do tuyet doi cua pic 
ion phan tu lai van giam. Trong trudng hgp nay, neu mau tucfng doi de hoa hoi, ngudi 
ta co th£ ap dung phuemg phap ion hoa hoa hoc (chemical ionization). 0 phuong 
phap nay ngudi ta dua mot khi nhe nhu CH 4 , isobutan hoac amoniac vao buong ion 
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hoa cung vdi hoi cua mSu. Khi do phan tir chat nghidn curu se bi proton h6a v£ tao ra 
ion [MH] + : 

CH 4 + e -► CH;' + 2e, 

ch;' + ch 4 —► ch; + ch; 

CH; + M -► [MH] + +ch 4 

Tren phd khdi luong se thu duoc pic cua [MH] +, co khdi lu<mg cao hon khdi 
luong phan tu mdt don vi. 

Ngudi ta con dung phuong phap ion hoa boi trudng (field ionization). 6 
phuong phap nay chat nghien ciru d pha khi bi ion hoa boi mdt dien trudng cd 10 7 - 
10 8 V/cm. Th6i gian phan manh xay ra rat ngan (10 -12 s) va ndi nang cua phan tu 
thap. Do do cac ion manh se co ham luong tha'p con pic ion phan tu se c6 cucmg d6 
ldn. 

D6i vdi nhung chat khdng bay hoi hoac khdng b6n nhiet (nhu monosaccarit 
ching han) ngudi ta dung phuong phap phan ha'p thu boi trudng (field desorption). 
Di£m khac biet cua phuong phap nay so vdi phuong phap ion hoa boi trudng la mau 
ran duoc "dat" true ti^p len anot, thuc chat la duoc ha'p thu tr6n be mat cua di6n cue. 
Sau do dudi tac dung cua»di6n trudng 10 7 - 10 8 V/cm cac ion M + va [MH] + tach khoi 
dien cue va di vao pha khi. 

Ngudi ta con dung mdt so phuong phap khac nua de tao ra ion phan tu, vf du 
phuong phap dung tia laze ching han. 


7.3.2. Xet doan cau true phan tu 


De xet doan ciu true phan tu cua mdt hop chat chua biet cin phai phan tich ti 
mi pho khoi lucmg. Phan tich pho khoi lucmg la qui kdt cho mdi pic tren pho mdt 
manh phan tir xac dinh va chi ro sir tao thanh ion manh do. Nhung pic manh la nhung 
pic tuong umg vdi nhihig ion tao thanh vdi xac sua't cao khi phan manh. Khi khong co 
su chuyen vi thi su phan bd cac nguyen tu trong phan tir co th^ duoc thidt lap trdn co 
so cac manh tao thanh. De xac dinh ca'u tao, nhung manh co khdi lucmg ldn la quan 
trong hon nhung manh nho. 


Xac dinh pic ion phan tfi la rat quan trong vi no cho bidt khdi luong phan tu 
va no la diem khdi diu de xem xet su phan manh. Trudc het cin phai chu y ring 
khong phai cum pic umg vdi khdi lucmg ldn nha't ludn la cum pic ion phan tu, bdi vi 
co nhieu ion phan tu khdng du ben ndn khong xua't hien tren phd. Vi vay can: 


1) Xem xet mdi lien quan giua cudng do pic ion phan tir vdi ca'u tao, xem khdi 
luong ion phan tir la chan hay le (quy tac nito). 
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2) Xem xdt dac didm vd sd lupng vk cudng dd cua cac “pic d 6 ng vi” trong cum 
pic ion phan tCr (pic M + 1, M + 2, ...). 

3 ) Kidm tra xem nhffng pic gdn nha't dudi pic ion phan tCr co phu hop vori sir mat 
cic tidu phan trung hoa hop If khdng. Chang han, vide mat tir 4 -s- 13 don vi khdi 
lupng hau nhu la khdng thd xay ra, bori vi mat nhidu hidro, hoac mat C, CH doi hoi 
nang lupng qua ldn. Do do ndu tha'y xudt hidn pic tha'p hon 4 J 13 don vi so vdi pic 
ion phan tu dd nghi thi phai xdt xem hoac pic dd nghi khdng phai la pic ion phan tu, 
hoac phd do la phd cua hdn hop (chang han do mlu khdng tinh khidt, do phan ung dd 
hidro hoa, phan umg nhidt phan tao ra cac hop chat khac trude khi bi ion hoa). 

Xac dinh cac ion manh 

1) Dua vao su khac nhau v& khd'i lupng so vdi ion phan tu, chang han pic M-15 
umg vdi su tach CH 3 ; pic M-16 ung vdi su tach nguydn tu O hoac phan tu CH 4 , pic 
M-28 umg vdi su tach phan tu CO, N 2 , C 2 H 4 , ... 

2) Dua vao chfnh gia tri m/z cua pic do, cua pic ion don gian nha't va cac pic 
thude day ion dong dang d cac loai hop chat. 

3) Can phai viet rd su phan manh da tao ra ion manh do sao cho phu hop vdi 
quy tac chan electron (muc 7.1.1). Ddng thdi vidt day du ca'u tao cua ion manh do, 
chi ro didn tich duong va electron ddc than nam 0 nguydn tu nao; hay d nhung cau 
tao edng hudng nao. 

Nhirng di^u trinh bay d trdn dupe minh hoa trong vide phan tich ph 6 khdi lupng 
mdt sd phtic chat c/s-diclorodiaminplatin (II), do chung tdi tdng hop va nghien curu 
[47, 48, 117], d cac hinh 7.6 -s- 7.8. Platin co 4 ddng vi tha'y dupe trdn phd khdi 
lupng, clo co 2 ddng vi tha'y dupe trdn phd khdi lupng nen nhumg ion do chung tao 
thanh se cho nhidu pic canh nhau, chung tdi goi la cum pic ion dong vi. De noi van 
tat vd khd'i lupng cua tap hop cac tidu phan cung thanh phan nguyen td nhung khac 
nhau vd thanh phan ddng vi (umg vdi cum pic ion ddng vi) co the dung gia tri m/z cua 
pic co cuomg dd manh nha't trong cym, hoac gia tri m/z (Inin) tinh tir cac ddng vi nhe 
nha't co ham lupng dang kd (tha'y dupe trdn phd). Thi du, vdi [PtCl 2 ] + , neu la'y Pt = 194, 
Cl = 35 thi m/z (min) = 264, vdi PtCl 2 thi M (min) = 264. Thuc ra td hop cac ddng vi 
tao cho PtCl 2 nhieu tidu phan cd khdi lupng khac nhau: 264, 265, 266, 267, 268, 
269... 

Ta hay xet xem lidu cum pic vdi m/z lorn nha't d mdi phd trong cac hinh 7.5 - 
7.8 co phai la cum pic ion phan td hay khdng? 

Thur nha't, cac cum pic nay deu co cudng dd ydu (dudi 15%). Didu nay co le la 
do cac phtic chat nghidn curu la nhung chat ran, kha phan cue, kho bay hoi nen da bi 
phan huy nhieu bdi nhidt 0 budng hoa hoi. 
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Hinh 7.6. Trfch doan ph6 kh<5i lupng cua cj 5 -[[PtCl 2 (C 6 H 5 NH 2 )(p-CH 3 C (S H 4 NH 2 )]. 
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Hinh 7.7. Trfch doan pho khdi luong cua ci.s-[PtCl 2 (C 6 H 5 NH 2 )(C 6 H 4 CH 2 NH 2 )]. 


Thu hai, ta nhan th&y cac cum pic do d6u tuong tu nhau: gom 5 pic co cudng 
do dang ke each nhau 1 don vi m/z, trong do pic thu 3 luon co cudng do Ion nh&'t. 
Nhu tha'y d bang 7.1, Pt gom 4 dong vi co ham luong dang ke la 194 Pt, 6 s Pt, l% Pt va 
l98 Pt, clo gom 2 dong vi 5 C1 va 37 C1. Hai nguyen tu Cl d cac phuc cis- 
diclorodiaminplatin(II) lam cho cum pic ion phan tu cua chung co 3 pic each nhau 2 
don vi m/z (hinh 7.3). O cac phiic nghien cuu con chiia tren 10 nguyen tu C, nen 13 C 
cung dong gop them vao cudng do cua pic M+l. Su t6 hop cac dong vi cua Pt. Cl va 
C da lam cho cum pic ion phan tu co dang phuc tap nhu th&'y tren ph6. 
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Hinh 7.8. Trich doan phd khoi lupng cua c/s-[PtCl 2 (C 6 H,NH 2 )(C 6 H 4 CH 2 CH 2 NH 2 )]. 


Thur ba, dudi cum pic ion dang xet deu co cac cum pic nho hon 36-37 va 72-74 
don vi m/z. Hai cum pic nay urng vdi sir mat 1 va 2 phan tu HC1, phu hop vdi ca'u true 
cua chung (nhu so do phan manh d dudi). 

Nhu vay chac chan rang cum pic vdi m/z 1dm nha't 6 cac hinh 7.5 + 7.8 la cum 
pic ion phan tur va hirdmg phan manh dac trung doi vdi day phtic c/s-diclorodiamin- 
platin (II) la: 

M + - ~ HC1 » [M - HC1] 4 - HCI » [M-2HC1] + - 


hoac: M +. -2HC1 ^ [M-2HCl] + ‘ 


Thi du, doi vdi cu-[PtCl 2 (C 6 H 5 NH 2 )(p-CH 3 C 6 H 4 NH 2 )] huomg phan manh do nhu 

sau: 


C1 N ^nh 2 c 6 h 5 
Cl ^nh 2 c 6 h 4 ch 3 


-HCI 

-»■ 


m/z = 466 (5%) 


+. 



Pt 


/ 






nhc 6 h 5 

nh 2 c 6 h 4 ch 


3 


m/z = 430 (3%) 


-HCI 

-► 


nhc 6 h 5 

Pt 

I 

NHC6H 4 CH 3 
m/z = 393 (16%) 


Co the cho rang d ion phuc vdi m/z = 430, mot trong 4 vi tri phoi tri cua Pt(II) 
la obitan chura chi 1 electron. 

O pho day phufc cri-diclorodiaminplatin(II) con co mot dac diem chung nua la: 
Hai ion manh ung vdi 2 amin ddu luon co cudng do 1cm va mot trong chung la ldn 
nha't so vdi cac pic ke tu chung cho den pic ion phan tu. Thi du nhu pic vdi m/z = 93 
(cua anilin) va m/z =107 (cua mot vai dong dang cua anilin) tren cac hinh 7.5 - 7.8. 


393 


























Co th£ giai, thfch su hinh thanh chung nhu sau. 6 bu6ng hoa hoi, mdt phan 16n phurc 
chat bj phan huy boi nhiet, thf du: 

ds-[PtCl 2 (C 6 H 5 NH 2 )( C 9 H 7 N)] -► PtCl 2 + C 6 H 5 NH 2 + G,H 7 N 

PtCl 2 la hop chat ion rat kho bay hoi, anilin, quinolin va mbt phan nho phuc 
chat bi hoa hoi chuy&i vao pha khf r6i bi va dap boi chum electron a bu6ng ion hoa. 
Ket qua la ta co ca ion phan tir cua phuc chat (nhu da phan tfch a tr6n) va ca ion phan 
tir cua anilin va quinolin. Tr6n ph6 (hinh 7.5) ta thay 2 amin nay bi ion hoa va phan 
manh nhu sau: 



m/z = 93 (100%) m/z = 66 (75%) 



H 

m/z = 129 (50%) m/z = 102 (21 %) m/z = 76(10%) 


Neu cho rang cac ion phan tu amin la nhirng ion manh tach ra tir ion phan tu 
phurc chat thi se phai thira nhan nhung so d6 phan manh ma trong do co tach ra phurc 
trung hoa cua Pt(II) vdi so phoi tri 3, chang han su tao thanh ion manh [C 6 H^NH 2 ] + 
se la nhu sau: 


Cl x NH 2 C6H 5 

Cl ^nh 2 c 6 h 4 ch 3 

m/z = 466 (5%) 


a 

a 


\ 


NHz^CHjJ 


+ 



m/z = 93 (65%) 


hoac: 


Ck .nh 2 c 6 h 5 

cr ^nh 2 c 6 h 4 ch, 


- ch 3 c 6 h 4 nh 2 

-i- 


m/z (min) 464 



NH 2 C6H 5 


m/z (min) 357 



m/z = 93 


Nhu vay pho khoi lucmg 6 cac hinh 7.5 -7.8 to ra phii hop vcri cau true cua cac 
phiic chat nghien cuu. Tuy nhien de thiet lap ca'u true day phirc chat c/s-diamin 
khong thudn, chung toi con phoi hop vcri cac phuerng phap khac nhu pho UV-Vis. 
pho IR va pho NMR. 


394 




















7.3.2. X£c dinh nhiet thang hoa 

Xac djnh nhiet thSng hoa cua cac chat dua tren yeu to la cucmg do cua cac pic 
tren ph6 kh6i lupng ti 16 thu|n vcri ap sua't hoi cua mau 6 ngu6n ion. Binh chua mlu 
dupe n6'i vdi budng ion hoa bang mot 16 ra't nho, vi vay hoi di vao ngu6n ion hoa chi 
la do su khue'ch tan. Ndu binh chura mau dupe on nhiet va trong do co mot lupng mau 
du thi 6 do se co can bang ran - hoi. Nhiet thang hoa cua chat ran trong do co the xac 
dinh dupe nher theo doi su bie'n doi cucmg do cua cac pic (cuong do nay ti le thuan 
v6i ap sua't hoi) theo nhiet dp cua mau. Mot lupng mau nho di vao nguon ion khong 
lam anh huong dang ke den can bang. 

Trong nhung didu kien nhu thd da thu dupe cac ket qua H thu vd ban chat cac 
hat 6 the hoi tren bd mat chat ran co nhiet do nong chay cao. CJ the hoi tren liti 
clorua thay co cac monome, dime, trime, con 6 16p hoi tren kali clorua, natri clorua, 
thay co cac monome va dime. 6 16p hoi tren Cr 2 0 3 nguPi ta thay co cac hat Cr, Cr0 2 , 
O va 0 2 , 6 IPp hoi tr6n Mo0 3 co cac tetrame va pentame... 

7.4. PHlfONG PHAP PH6 KH(5l Ll/ONG ION HOA 6 AP SUAt KHf QUY^N (API MS) 

7.4.1. Su hoa hoi ion [93, 118] 

6 phuong phap El MS chat dupe hoa hoi va ion hoa dudi ap sua't tha'p (10 6 mm 
Hg). Phuong phap do khong ap dung dupe cho nhung chat co phan tu khoi lPn, do 
phan cue cao hoac dd b| phan huy boi nhiet. Dd khac phuc kho khan do, nguoi ta da 
tim ra dupe nhung each thuc ion hoa phan tur dd ghi pho khoi lupng ma khong cin 
phai lam hoa hoi chat nghien cun. Qua trinh do dupe thuc hien 6 ap sua't khi quydn, 
vi vay dupe goi la Atmospheric Pressure Ionization Mass Spectrometry (API MS). 
No g6m cac bu6c sau: 

1- Dung djeh mau dupe phun thanh nhung giot mu nho be vao mot dien truong 
manh dd tao ra nhung giot tfch dien duemg ktnh cd 2 pm mang khoang 100.000 dien 
tich (hinh 7.9). 

2- Dung luong khf nito nong lam boc hoi dung moi. Khi do cac giot nho lai, 
mat d6 didn tfch tang len din tori "n6 dien tfch hay con goi la n6 Culong” tao thanh 
cac giot tfch dien nho hon, co 50 - 100 nm. Nhung giot nay chura khoang 10 - 20% 
dien tfch nhung chi chie'm 2% kh6'i lupng cua giot sinh ra no (hinh 7.9). 

3- Khi luc dien truemg trong giot vupt qua nang lupng solvat hoa thi xay ra su 
desolvat hoa giai phong cac ion vao pha khf turc la hoa hoi ion (ion evaporation, hinh 
7.10). 


395 


Hinh 7.9. 

Su tao thanh cac giot mu tich dien: 
a- Kim phun; 

b- Giot mu ducmg klnh 2 pm; 
c- Khi nong lam boc hoi dung m6i 
tao thanh cac giot nho hon, din tori 
n6 dien tich. 




Hinh 7.10. Desolvat hoa cac giot tich dien: 
a- ion chuy^n vao pha khi; b- phin tich dien con lai. 

7.4.2. Sir tao thanh ion [118] 

Trong phircmg phap API-MS, d£ pha miu ngudi ta thucmg dung dung m6i phin 
cue nhu metanol, axetonitril... co chiia nude, doi khi con cho them cac ion nhu Na + , 
NH 4 \ P0 4 3- . Vi viy trong dung dich miu va trong cac giot mu da xay ra su ion hoa 
theo nhieu each khac nhau, ching han nhu phan umg axit-bazo: 

R-NH 2 + HA —► A - + [R-NH 3 ] + (ki hieu [M+H] + ) 

R-COOH + B —► BH + + [R-COO]" (kf hieu [M-H]") 
hoac ket hop ion vao phin tu trung hoa: 

M + Na + —► [M+Na] + 

M + NH 4 + —► [M+NH 4 1 + 

Doi vciri phtic chat con xay ra cac phan ting thucmg thi'y trong dung dich duoc 
xuc tien boi nhiet do khi nito nong dua vao, nhu phan ting thay the ph6i tu bdi dung 
m6i hoic boi cac tidu phin khac co mat trong dung dich, phan ung thuy phin. phan 
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umg thay thd cau ngoai, phan irng tao phiic da nhan... 

6 pha khf cung xay ra cac phan umg tao thanh ion. Ngudi ta goi do la sir ion 
hoa hoa hoc a ap sua't khf quy^n (Atmospheric Pressure Chemical Ionization vid't tat 
la APCI). APCI bao g6m phan umg chuy&i proton va su chuyen dien tfch. Phan umg 
chuy^n proton lien quan tdi luc axit-bazo d pha khf. Nhung chat co ai lire tha'p vdi 
proton thudng bj mat proton hoac tao thanh ion cong hap, chang han nhu [M+NHJ*. 
Nhung chat co ai lire vdi proton cao han so vdi dung mdi thi thudng chie'm proton 
cua san phdm proton hoa dung mdi: 


B + [Solvent + H] + —► [B + H] + + Solvent 

Sir ion hoa hoa hoc con xay ra nhd chfnh khf nita dua vao dd lam boc hoi dung 
mdi va dien trudng cao (- 4000 V). Qua trinh chuydn dien tfch va chuyen proton xay 
ra nhu sau: 

N 2 + e" -► N 2 + * + 2e" 

N 2 + * + 2N 2 + e _ —► N/ +N 2 
N 4 + ‘ + H 2 0 H 2 0 *• + 2N 2 

H 2 0 +i + H 2 0^- H,0 + + HO* 

M + H-,0 + —► [M+H] + + H 2 0 

Dd'i vdi phtic chat con xay ra cac phan umg tach nude phoi trf, tach phoi tu bdi 
nhiet (nhiet do khf nita nong dua vao), dirt ctiu noi... 


Do nhung phan ung trong dung djeh cung nhu d pha khf, cuoi cung ta thu duac 
cac cation va ca cac anion vdi so khoi ldn han 1 dan vi ( ion [M+H] + ), nho han 1 
dan vi ( ion [M-H] - ). Dong thdi cung thu duac cac ion ldn han nhidu dan vi khoi 
luomg (do cong thdm cation nhu [M+Na] + , [M+NH 4 ] + , do the' phoi tu nhe han bang 
phoi tu ldn han, do tao thanh phtic da nhan,...) hoac nho han nhieu dan vj khoi luang 
(do phan umg nhiet phan, phan umg thay thd' phoi tu nang han bang phoi tu nhe 
han,...). Chfnh nhung phan ling phurc tap tren da gay kho khan cho vide phan tfch 
pho API MS cua cac phirc chat. 


Bang each thay doi trudng dien tir, ngudi ta hudng hoac cac ion duong, hoac 
cac ior am tdi bo phan phan tach theo gia tri m/z va ghi pho khoi lumig cua chung. 
Pho cua cac ion duong duac kf hieu la +MS, pho cua cac ion am duac kf hieu la 
-MS. 6 hinh 7.11 trinh bay ph£n pho +MS co chda pic [M+H] + va phan pho -MS co 
chira pic [M-H] - cua cung mot chat. 

C) hinh 7.11, ca pho +MS va -MS ddu cho thay hap chat nghien cuu co phan tu 
khdi la 299 dvC, tuy nhien su phan manh cua cation [M+H] + thi khac han su phan 
manh cua anion [M-H] - . 


397 



Hinh 7.11. Pho +MS (ben trai) va pho -MS (ben phai) cua cung mot hop chat. 


Tren pho +MS cua K[PtCl 3 (Safrole)] (M min = 500, do chung t6i t6ng h(^> va 
nghien curu [64]) 6 hinh 7.12, chung tdi nhan tha'y khdng nhCrng da tao ra ion [M+K] + 
(cum chira pic m/z = 540,8) ma ca ion [M+2K] + (cum chua pic m/z = 583,9). Gin 
chu y rang Pt co 4 dong vi tha'y duoc, con bi^u hi6n cua t6 hop Cl 3 thi cho 4 vach 
each nhau 2 dem vi m/z (hinh 7.3), vi vay nhCrng pic co gia tri m/z khac nhau vai don 
vi trong cung cum pic cua cac ion tren cung van umg vdi cac ion co ciing thanh phan 
nguyen to (nhung vdi cac dong vi khac nhau) . 


i ntens 
xIO 6 

6 


540 8 


♦ MS 0 5*rwn #34 



398 


































7.4.3. Bay ion va phirong phap MS" [118] 

Nhir tr6n da tha'y, do co nhieu phan irng d trong dung dich cung nhu d pha khi 
n6n API da tao ra kha nhi£u ion co didn tich va s6 khoi khac nhau va khac han so vdi 
phan tir khdi cua chat d£u. Va'n d6 dat ra la lam the nao de tach biet va ghi dupe pho 
cua mdt ion c£n theo doi cung vdi su phan manh cua no. 

Ngudi ta giai quyet va'n de do nhd mdt bd phan goi la bay ion. O bay ion, bang 
each thay doi dien ap, t£n s6 Song radio va dua them khi He vao, ngudi ta tich luy va 
co lap duoc ion quan tarn rdi phan manh chung nhd dien thd bo sung va nhd su va 
cham vdi He. Ion quan tarn va cac ion manh sinh ra tir no duoc chuyen sang detector 
dd ghi pho. 

Nhd sir dung bay ion ngudi ta da ghi dupe cac pho MS n vdi n la so l£n co lap 
edng so' Un phan manh trir di 1, nhu chi ra d hinh 7.13. 


Tich luy 

A* B* 

C* 0* 

^ d* (□ 

Co lap #1 

A* B‘ 

C* D» 

4=) - (□ 

Phan manh #1 

A* B* 

C* D* 


Co lop #2 

A* B* 

c* cr* 

-$=) v (□ 

Phan manh #2 

A* B* 

C* D* 

□ 

+ _ + 

r* T 

< < 

• — ♦ 

< < 

Ghi pho 

A* B* 

C* D* 

(h 


MSI 

MS2 

MS3 


Hinh 7.13. So do bieu didn qua trinh thu ph6 MS 3 (thudng viet la MS3). 

Thi du: phan manh cac ion tao ra tir K[PtCl 3 (Safrole)], co lap ion m/z = 541,7 
(ion [K 2 PtCl 3 (Safrole)] + ), phan manh no roi ghi phd thi thu dupe pho MS2 nhu trinh 
bay d hinh 7.14. 

Pho cua K[PtCl 3 (Safrole)] d hinh 7.12 rat phuc tap nen kho phan tich. Trai lai 
ph6 d hinh 7.14 tuong dd'i don gian. Can cu vao su chenh lech ve khd'i lupng, co the 
cho rang ion [K 2 PtCl 3 (Safrole)] + phan manh bang each tach lan lupt 2 nguyen tir K 
hoac tach phan tir KC1. Ph6 -MS cua K[PtCl 3 (Safrole)] (M min = 500) dupe trinh bay d 
hinh 7.15. 
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Hinh 7.14. Ph6 +MS2 cua K[PtCl 3 (Safrole)] . 
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Hinh 7.15. Pho -MS cua K[PtCl 3 (Safrole)]. 
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Cum pic chura ion vdi m/z = 462,9 la tuong ung vdi ion [PtCl 3 (Safrole)] 
(M min = 461). 

TOr ph6 o hinh 7.15 ta c6 th£ vi£t duoc so d6 ion hoa va phan manh cua 
K[PtQ 3 (Safrole)] nhu sau: 

K[PtCl 3 (Safrole)] —► K + + [PtCl 3 (Safrole)] m/z (min) = 461 

[PtCl 3 (Safrole)J —► Safrole (C 10 H 10 O 2 , M = 162) + [PtCl 3 ] m/z (min) = 299) 
Pic vdi cucmg dd yeu a 327,7 co le la do phan ung sau: 


ci 

a 


x / a 

.Pt. 

^ % c 

h 2 c 


H 



m/z (min) 461 



m/z (min) 325 M = 136 


Ph6 -MS2 trinh bay a hinh 7.16 la ph6 thu duoc bang each cd lap ion m/z = 
463,0 (pic danh dau tren hinh, canh pic 463,8) va phan manh no. 


Inions. 

x10 7 


MS2H63 0) 4 7mm #214 


463 8 


1 5 


05 


00 J 


3008 



500 


m/z 


Hinh 7.16. Ph6 -MS2: c6 lap va phan manh ion m/z = 463,0. 

Tur pic m/z = 463,0 tori pic m/z = 300,8 ro rang la tuemg umg vdi sir mat phan tu 
safrole (C 10 H 10 O 2 , M = 162,19 dv C). 

Cac thi du tren day khdng nhumg cho ta hieu the nao la ph6 MS n , ma con cho ta 
bi£t each phan tich chung d£ khai thac thdng tin vi phan tijr khdi va thanh phan cua 
phurc chat. Can chu y rang: xac dinh phan tu khdi la each tot nhat de nhan ra mdt 
phurc chat la dcm nhan hay la da nhan loai oligome (xem muc 7.4.4). 
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7.4.4. Phoi hop cac phuong phap ph6 x£c dinh c£u true phuc chat 

6 cac chuong trude rai rac da dan ra cac vi du ph6i hop cac phuong phap ph6 
electron, ph6 hong ngoai, ph6 c6ng hudng tir hat nhan nghidn cuu cau true phuc 
chat. Trong muc nay, se trinh bay mdt vai vf du co su dung ca phd khdi lurnig nham 
minh hoa cho viac xac dinh ca'u true hop chat phurc chat. 

a. Xac dinh cau true phtic niken xitrat 

Khi cho NiCl 2 tac dung vdi axit xitric la'y du (c6ng thurc ca'u tao xem 6 muc 
4.4.2 ), khdng chef pH = 5 - 7 bang dung dich KOH, chung t6i thu dupe mpt chat ka't 
tinh, ki hiau NiCit [105]. Gian do phan tlch nhiet cua NiCit (hinh 7.17) cho thay su 
mat nude ka't tinh (9,72%) xay ra a khoang 99°C va su mat nude phdi tri (10,36%) 
xay ra d khoang 195°C. 


% _ 

DrTGA 



O.oo 200.00 400.00 600.00 

Temp[C] 


mg/min 

000 

I 


tj.oo 


Hinh 7.17. Gian d6 phan tlch nhiet cua phurc NiCit. 

Ph6 IR cua NiCit (do a dang vidn nen vdi KBr) dupe gidi thiau a hinh 7.18. 

Van ha'p thu manh va tu a 3182 enf 1 chumg to su co mat cua H 2 0 phoi tri va 
ka't tinh, hai van nhon d 3519 va 3448 cm -1 nhac nhd tdi nhom OH ancol cua goc 
xitrat. Su vang mat van manh d ~ 1700 cm -1 va su xua't hian cac van manh d 1607. 
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1563, 1408 cm' 1 chtfng t6 ca 3 nhom -COOH cua axit xitric da chuyen thanh 3 
nhom COO (xem bang 5.11). 



Hinh 7.18. Ph6 IR cua NiCit. 

Phd'i hop cac k£t qua nfcu trfen vdi k£t qua phSn tich nguydn td (K, Ni, C, H) 
chung toi xac dinh dircrc thanh phSn cua NiCit la KNi(C 6 H 5 0 7 )(H 2 0) 2 .2H 2 0. 

D£ xet doan c&'u true cua phtic NiCit, chung t6i da ghi ph6 electron cua no 
(hinh 7.19). 
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Hinh 7.19. Ph 6 electron cua NiCit: 

* 

a- vung tu ngoai; b- viing kha kien - h6ng ngoai g£n. 
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van phd tu ngoai vori \ mn 229 nm (hinh 7.19a) cd e = 3,1 ro rang c6 ngudn g6c 
tir su chuy^n dien rich tir phdi tir tori Ni(II) (phd chuy^n didn rich loai L -* M). Ba van 
hap thu d viing kha kiefn-h6ng ngoai gan lan luot la: 390 nm/E = 23,3; 650 nm/E = 9,6 
(vai ph6 6 740 nm); 1090 nm/E = 8,1. Cac gia tri \ m jB d6 cho th^y phtic NiCit c6 
ca'u hinh bat di6n (xem muc 4.3.3.i). 

Vdi thanh phan KNi(C 6 H 50 7 )(H 2 0 ) 2 . 2 H 2 0 va ca'u true bat didn, ta co th£ du 
doan rang phtre NiCit c6 ca'u tao K[Ni(C 6 H 5 0 7 )(H 2 0) 2 ].2H 2 0 trong d6 g6c (C^H^O,) 3 
chi£m 4 vi tri ph6i tri cua Ni(II), 2 vi tri con lai do 2 phan tir nude dam nhi6m. 

Nghifcn curu su tao phurc cua kim loai chuy&i tiS'p vdi cac axit tap churc nhu 
tactric, xitric [103, 108, 109], chung t6i nhan tha'y ddi khi co tao thanh phurc da nhan 
vdi c^u ndi la cac gdc tactrat va xitrat (xem muc 4.4.2, bang 4.8). Chung tdi dat cau 
hoi "lieu phurc NiCit co th£ la da nhan hay khdng?". Di tra ldi cau hoi do, chung t6i 
da ghi ph6 kh6i luong cua n6. 

Nhan thtfy NiCit la phurc di£n ly, kho bay hoi, chung tdi chon phucmg phap API 
MS. Hinh 7.20 dan ra ph6 +MS cua NiCit. 


Into ns 

no® 


2 . 0 - 




Hinh 7.20. Pho +MS cua phurc chat NiCit. 

Nhu da biet, trong phucmg phap API MS, ion dugc chuy^n vao pha khi la do su 
desolvat hoa, vi vay nude k£t tinh se khdng co trong thanh phan cua cac ion phurc khi 
do pho. Do do vdi edng thurc gia dinh K[Ni(C 6 H,0 7 )(H 2 0) 2 ].2H 2 0, d phd +MS. ta chi 
quan tam tdi ion {K[Ni(C 6 H 5 0 7 )(H 2 0) 2 ] + H} + (kf hidu la G + ). Vi ham luong tu nhidn 
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cua ,8 Ni la 67,88%, cua “Ni la 26,23% nen m/z(min) cua G + la 323, m/z(max) cua 
no la 325. Trdn phd +MS (hinh 7.20) h^u nhu khong co pic nao ting vdi 2 gia tri do. 
Pic vdi cudng dd ldn nha't co m/z = 612,6; pic vdi cudng dd thur hai or each pic thti 
nha't mdt pic, no c6 m/z = 610,6. Hai gia tri do co the coi la ga'p d6i gia tri m/z cua 
G + trir di 2 phan tCr nude va 1H + , tire la chting ting'vdi ion co thanh phan 
|K 2 [Ni 2 (C 6 H,0 7 ) 2 (H 2 0) 2 ]+H} + (ki hieu la A + ) vdi m/z(min) = 609; m/z(max) = 613. 

Nhu vay co thd cho rang phtic NiCit la phtic 2 nhan co thanh phan ga'p ddi so 
vdi du kidn ban dau, ttic la co edng thtic la: K 2 [Ni 2 (C 6 H 5 0 7 ) 2 (H 2 0) 4 ].4 H 2 0. Ta co the 
bidu di6n su bien ddi cua no trong didu kidn API MS nhu sau: 

K 2 [Ni 2 (C 6 H 5 0 7 ) 2 (H 2 0) 4 ].4H 2 0 ' < ” i ° » K 2 [Ni 2 (C 6 H,0 7 ) 2 (H,0) ; | 

(acniarat noa) 

K 2 [Ni 2 (C 6 H 5 0 7 ) 2 (H 2 0) 2 ] {K 2 [Ni 2 (C 6 H 5 0 7 ) 2 (H 2 0) 2 +HJ| + 

(A + ) m/z = 609-613 

De khang dinh gia thiet tr6n, chting tdi da ghi phd nhidu xa tia X ddi vdi tinh 
thd NiCit va da thu duoc md hinh cau trtic cua no nhu a hinh 7.21. 



Hinh 7.21. Cau trtic cua phtic chat NiCit theo ket qua nhidu xa tia X. 

K: hinh cau ldn nha't, Ni: hinh cau ldn thti hai, C: hinh cau nho, den, 

O: hinh cau rdng. Khdng ve cac nguyen tu H. 

Tti md hinh d hinh 7.21 ta rut ra edng thtic ca'u trtic cua phtic NiCit nhu trinh 
bay d hinh 7.22a. 

Nhu vay, nhd phuong phap phd MS ma chung tdi tha'y rang phtic NiCit co cong 
thtic phan tu ga'p 2 ian cong thtic du kien ban dau: (KNi(C 6 H 5 0 7 )(H 2 0) 2 .2H 2 0) 2 . 

Phd'i hop vdi phuong phap nhidu xa tia X da xac dinh rang phtic chat NiCit ma 
chung tdi tdng hop la mdt phtic 2 nhan, trong do 2 nguyen tu Ni ddu co hinh phd'i tri 
bat dien. Mdi gd'c xitrat dung 2 nhom -COO , 1 nhom -OH ancol phd'i tri vdi nguyen 
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tOf Ni nay va dung nhom -COO con lai ph6i tri vdi nguyfin tu Ni kia tao ra cau n6i 
giua chung, 4 vi tri ph6i tri con lai do 4 phan tur nude dam nhifcm. Hai ion K* diroc 
solvat hoa boi 4 phan ttr nude k£t tinh vi c£c nguyfin ttr oxi thuftc nh6m cacboxylat 
cua c£c phan tu phurc b6n canh. M6i phan tu nude k£t tinh tuang tac vdri 2 ion K* l^rn 
thanh c<iu n6i giOa c£c phan tu phurc chat. Ta't ca tao ra ca'u true tuan hoan trong 
mang tinh th£ nhu tha'y 6 hinh 7.22b. 


K, 


o. Oil, 

I -Oil, 9 

W \/'J ° V \ 

\ ^ C> \ CM, 

H,C 11 / 

II h,o^ | o— c 

° 11,0 ° _ 


411,0 


Hinh 7.22a. C6ng thurc ca'u true cua phurc K 2 [Ni 2 (C 6 H,0 7 ) 2 (H 2 0) 4 ].4 H 2 0. 


« . 



Hinh 7.22b. Ca'u true phurc K 2 [Ni 2 (C 6 H 5 0 7 ) 2 (H 2 0) 4 ].4 H 2 0 
theo ket qua nhilu xa tia X. 

b. Xac dinh earn true san pham phan ting cua K[PtCl 3 (Safrole)] v&i piperidin 

Khi cho K[PtCl 3 (Safrole)] (xem c6ng thurc a muc 7.4.3) tac dung vdi amin, theo 
quy tac anh huong trans phan umg xay ra nhu sau: 

K[PtCl 3 (Safrole)] + Am -» fran.s-[PtCl 2 (Safrole)(Am)] + KC1 

Vdi Am la cac amin thorn, beo, di vong khac nhau, chung t6i da thu duoc day 
phurc chat lra«5-[PtCl 2 (Safrole)(Am)], [116]. Nhung vdi amin la piperidin (xiclo- 
C<H 1() NH, c6ng thurc ca'u tao 6 hinh 7.23, ca'u dang o hinh 6.29 muc 6.5.2) thi hieu 
suat phan umg rat tha'p. 
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f/m/t 7.23. Cdng thurc ca'u tao cua safrole va piperidin. 



San phdm sau khi k£t tinh lai dirac kf hieu la PtSapip. Phuang phap LC-UV 
cho tha'y PtSapip la mdt chat sach (hinh 7.24a). 
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Hinh 7.24a. LC-UV cua phurc PtSapip. 
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Kdt qua phan tfch nguyen 1 6 phurc chat PtSapip khdng dap ung cdng thuc mong 
doi [PtCl 2 (C 10 H 10 O 2 )(C 5 H 10 NH)], (D), nhu thay d bang 7.2. ma phu hap vdi cdng thurc 
[PtCl(C 10 H 9 O 2 )(C 5 H 10 NH)] (E). 


Bang 7.2. Kdt qua phan tfch nguyen td san pham PtSapip 


Cdng thuc, (kf hieu), phan tir khdi 

Him luong nguyfin td, %, (tim/tinh) 

Pt 

C 

H 

N 

[PtCl 2 (C 10 H| 0 O 2 )(C 5 H 10 NH)], (D), 

40,55/38,01 

38,1 / 

4,4/ 

3,2/ 

M = 513 


35,09 

4,09 

2,73 

[PtCl(C| 0 H 9 O 2 )(C 5 H 10 NH)], (E), 

40,55 / 40,92 

38,1 / 

4,4/ 

3,2/ 

M = 477,5 


37,77 

4,20 

2,94 


Chung tdi da ghi ph6 API MS cua phurc PtSapip (hinh 7.25). 
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Hinh 7.25. Phd API MS cua phurc PtSapip (tir trai sang phai: +MS, +MS2, +MS3). 

6 phd +MS khong tha'y su co mat cua ion [M+H] + (m/z min = 476). Cum pic 
ion co cudng do lom nha't umg vdri m/z khoang 563. Nhir d muc 7.4.2 da tha'y, sir ion 
hoa phurc chat co the xay ra theo nhidu each khac nhau. Vi vay chung tdi cho rang 
ion vdri m/z khoang 563 dirge tao thanh do phan tCr phurc PtSapip cdng vdi ion 
[C s H 10 NH 2 ] + (gidng nhu cong vdi ion ammoni). Co the ghi cong thurc cua ion nay la 
[PtSapip + C 5 H 10 NH 2 ] + . Pho +MS2 cho tha'y ion [PtSapip + C 5 H 10 NH 2 ] + bi tach phan tu 
piperidin (C 5 H I( ,NH) tao ra ion [PtSapip + H] + (m/z min = 476). Ion nay the hien bdi 
cum pic co cudng do ldn nha't tren phd +MS3 d hinh 7.25. 

Ph6 Raman cua PtSapip dugc dan ra d hinh 7.26. 
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Hinh 7.26. Phd Raman cua phtic PtSapip. 


3500 


Cac van ha'p thu dac trimg tren phd duac quy kdt dua vao cac bang dir lieu a 
chirang 5 nhu sau: 


Sd song, cm -1 

3232 

3042 

2945, 2901, 
2841 

1600, 

1493 

425 

326 

216 

Dao ddng 

v nh 

V CH 

thorn 

V„ 0 

v c=c 

V PlN 

V PtCI 

^NPtCI 

Theo bang 

5.23 

5.23 

5.23 

5.23 

5.24 

5.24 

5.24 


Nhu vay tr6n phd Raman cua phtic chat PtSapip co cac van dac trung cho su co 
mat cua cac phoi tir safrole, piperidin va cloro. Phd UV cua PtSapip (hinh 7.24) kha 
gidng vdi phd cua cac phurc tuong tu cua Pt(II) (xem hinh 4.26, 4.27). Tren co so do 
chung t6i du kidn c6ng thirc ca'u tao cua PtSapip la [PtCl(C 10 H 9 O 2 )(C,H l0 NH)] (ki 
hieu E), cong thtic nay phu hap vdi ket qua phan tich nguy£n to (xem bang 7.2) va 
phd khdi luqng (hinh 7.25). 
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Hinh 7.27. Ph6 ‘H NMR cua phutc PtSapip trong CD 3 COCD 3 . 

Pho ‘H NMR cua phtic PtSapip dijoc trinh bay d hinh 7.27, cac s 6 chi vi tri ghi 
d hinh 7.23. 

Ca van cong hudng NH, Ha, Hp, Hy d hinh 7.27 hoan toan tuong tir ve hinh 
dang (sir lach van pho do tirong tac spin-spin) nhu cac van tuong ung cua piperidin 
phdi tri vdi Pt o day phufc chat ci5-[PtCl 2 (Pipcridin)(Amin)] da phan tich 6 hinh 6.30, 
muc 6.5.2a. Dieu do cho thay a phuc PtSapip, piperidin cung d cau dang ghe va phoi 
tri v6i Pt bang lien ket axial (xem hinh 6.29). 

Cac van c6ng hudng cua H8a, H8b, H9, HlO-m va H10 -trans c6 hinh dang va 
do chuyen dich hoa hoc tuong tu nhu cac van tuong ung cua metyleugenol phoi tri 
vdi Pt 6 day phurc rran£-[PtCl 2 (Meug)(Amin)] da phan tich 6 hinh 6.37, muc 6.6.2b. 
Dieu do cho thay 6 phiic PtSapip, safrole cung phoi tri vdi Pt d lien ket doi cua nhom 
anlyl (xem hinh 6.34). 

Binh thudng thi safrole co 3 proton thorn. Dieu bat thudng la tren phd d hinh 
7.27 chi thay co 2 proton thorn. Hon the van cong hudng cua proton H6 co dang 1 tin 
hieu trung tarn kern 2 tin hieu ve tinh each nhau ~40 Hz. Hinh dang va gia tri hang 
so tach do chung to Pt d each H6 dung 3 lien ket. Hai tin hieu cua 2 proton thorn deu 
la van don chung to chung d vi tri para cua nhau (tuc vi tri 3 va 6 tren cong thuc d 
hinh 7.23). Dua tren nhung phan tich tren day, chung toi cho rang phuc PtSapip co 
the nhan 1 trong 2 cong thuc ca'u tao, El hoac E2, nhu dudi day: 
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Dd khang dinh di£u do, chung tdi da ghi pho HMBC cua PtSapip (hinh 7.28). 

Cac tuong tac giua H vaC qua 3 lien ket trong cdng thirc El va E2 d6u dupe the 
hien bdi cac pic giao tren pho HMBC d hinh 7.28. Doi vdi safrole phoi tri thi C8 co 
dd cdhh nho nha't, H7 do d xa nguyen tir cho nen dd cdhh khdng thay doi nhieu so 
vdi d cac phirc chat khac. Vi vay tin hieu cua H7 va C8 co the dung lam can cu xac 
dinh cac tin hieu khac. Thi du: Hai van giao g va h cua H7 cho biet 2 tin hieu d 
146,21 va 141,52 ppm la cua Cl va C2 nhimg chua ro dau la Cl, dau la C2. Van don 
d 6,49 ppm co 3 pic giao (c, d, e) trong do co pic giao e vdi C8 6 39,55 ppm, dieu do 
cho thay van don 6 6,49 ppm la cua H3, tin hieu 6 144,0 ppm la cua Cl, tin hieu o 
126,79 ppm la cua C5; Van don voi 2 tin hieu ve tinh 6 6,93 ppm co 2 pic giao (a, b) 
chtnh la cua H6 va do do suy ra tin hieu 6 146,21 la cua C2, tin hieu 6 141,22 la cua 
C4. Van b6i vdi 2 tin hieu ve tinh 6 4,75 ppm la dac trimg cho H9, vi vay cac pic 
giao i, k, l cua no chi ra cac tin hieu cua C4, CIO va C8b tuong ung. Cac pic giao n, 
p, q chi ra tin hieu cua C4, C9 va CIO. Hai pic giao m va r phu hop vdi tuong tac giua 
H10 cis va H10 trans vdi C8. Cac pic giao s, t, u, v va y khang dinh van d6i 6 2,56 
ppm la thuoc H8a. Tin hieu cua Cl khong co pic giao nao la phu hop voi vj tri cua 
no. Nhu vay d£n day thi pho HMBC phu hop vdi ca 2 ca'u true El va E2. 

Di6u bat thudng tren ph6 13 C NMR cua PtSapip (ma mot phan cua pho do duoc 
trinh bay d true nam ngang tren hinh 7.28) la co 2 tin hieu cua Ca va 2 tin hieu cua 
Cp. Co the cho rang sir chan bat dang hudng cua lien ket C=C olephin (d cau true 
El) hoac cua nhan benzen (d ca'u true E2) da lam cho 2 vi tri a cung nhu 2 vi tri P 
cua piperidin trd nen khdng tuong duong. 

D6 lua chon giua 2 ca'u true El va E2, chung toi da ghi ph6 NOESY cua 
PtSapip (hinh 7.29). 

Tren phd NOESY d hinh 7.29 co d^y du cac pic giao cua cac proton gan nhau 
trong khong gian. Dang chu y la pic giao p chung to proton H10-c/s cua safrole d 
gin proton Ha a cua piperidin, pic giao q churng to proton H10-cis d g^n proton nhom 
NH cua piperidin. Trong 2 ca'u true El va E2, chi co ca'u true El la phu hop vdi didu 
do. 
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Hinh 7.28. Mot ph&n pho HMBC cua PtSapip (trongCD 3 COCD 3 ). 

D£ khang djnh ket luan do, chung toi da su dung phuang phap nhifeu xa tia X 
de xac djnh ca'u true cua PtSapip. Ket qua da xay dung duqc mo hinh ca'u true phan 
ttr phuc chat nghien ciru va cho biet su sap xep cac phan tu trong mang tinh the nhu 
mo ta 6 hinh 7.30. Mo hinh ca'u true phan tu theo ket qua nhifeu xa tia X do trung vdi 
cong thuc ca'u true El. 

Qua viec xac dinh ca'u true phuc chat [PtCl(C| 0 H 9 O 2 )(C,H 10 NH)], (PtSapip), 
nhu da neu b tren, chung ta tha'y rang, ngay ca doi vdi cac phirc cha't mdi, ba't thudng, 
ta van co the tu xac dinh duqc cau true cua chung bang each phoi hqp cac phuang 
phap pho thong dung nhu UV-Vis, IR, Raman, NMR va MS ma kh6ng nha't thiet 
phai sir dung phucrng phap nhigu xa tia X, mot phuang phap kho tiep can do phan 
mem dat tien va su phirc tap cua no. 
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